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DESCRIPTION 

Optical disc, 
optical disc drive, 
and optical disc playback method 

Technical Field 

The present invention relates to an optical disc to which information 
is recorded by emitting a laser beam to the optical disc surface, and to an optical 
disc drive for using the optical disc. 

Background Art 

Optical disc drives have been actively developed as a way to record 
and reproduce large volumes of data Various approaches have been taken to 
increase the recording density. Phase change optical disc media drives that use the 
ability to change the recording layer between crystalline and amorphous states are 
one such approadi. 

Phase change optical disc drives heat the recording thin film formed 
on the disc substrate by emitting a laser beam, thereby causing a change in the 
crystalline structure cf the thin film to record and erase information. Amorphous 
marks and crystalline spaces between the marks are formed on the optical disc by 
emitting the laser beam at a peak power level to convert crystalline parts of the 
recording film to an amorphous state, or at a bias power level to convert amorphous 
parts to a crystalline state. Beflectance is different in the recorded marks and 
spaces. When a H^t spot is focused on the optical disc, differences in mark and 
space reflectance are detected as a signal, which is then decoded to read the 
information. 



Land and groove recording techniques enable recording marks and 
spaces to both tiie land tracks of the guide grooves on the disc and the groove tracks 
tiierebetween. 

Address prepits are formed also at the factory when the guide grooves 
are formed in the disc. These address prepits identify specific locations (addresses) 
on tiie disc, and recessed pits and lands formed at a constant interval along the 
tracks. Address information is recorded by controlhng whether the pits are formed 
or not and changing the length of the pit sequence. 

A conventional optical disc drive is shown in Fig. 2. Shown in Fig. 2 
are the optical disc 201, semiconductor laser 202, collimator lens 203 for converting 
the light beam emitted from the semiconductor laser to a pairallel beam, beam 
splitter 204, convergent lens 205 for focusing the light beam on the optical disc 
surface, collective lens 206 for collecting the Hght beam reflected and di&acted by 
the optical disc onto the photodetector, photodetector 207 for detecting the hght 
collected thereon by the collective lens, playback s^al operator 208 for 
arithmetically calculating the output voltage of the photodetector, focus controller 
209 for controlling the focal point of the h^t spot on the optical disc surface, 
tracking controller 210 for controlling the position of the hght spot to the tracks on 
the optical disc, actuator 211 for moving the convergent lens, laser drive unit 2 12 for 
driving the semiconductor laser, and signal processing unit 2 15. 

A problem with this conventional configuration is that when data is 
recorded to or read fix)m an optical disc having plural data layers accessible from 
one side of the disc and addresses are read from prepits formed in a second data 
layer (a layer deeper from the disc surface than the first data layer), absorption and 
reflection by the first (surfece) layer causes a loss of power in the beam reaching the 
second layer. This loss is proportional to the transmittance of H^t through tiie first 
layer. 

Light reaching the second layer is then reflected and diflfracted by the 



address prepits in the second layer, passes back throu^ the first layer, and reaches 
the photbdetector. Tlie amount of light in the beam reaching the photodetector is 
proportional to the square of the first layer transmittance and the reflectance of the 
second layer. 

If, for example, the transmittance of the first layer is 50% and the 
amount of l^t in the beam emitted icom the laser and inddait on the first layer is 
1, the amount of H^t that passes the first layer, reaches the second layer and is 
difiEracted by the second layer, then passes through the first layer agsdn and readies 
the photodetector will be 1 * (0.5 * 0.5) - R2 = 0.25-R2 where R2 is the reflectance of 
the second layer. In an optical disc in which the optical diaiacteristics are controQed 
so that the reflectance difference (AR) between spaces and recording marks in the 
first and second layers is the same, the amovint of Hght diffiracted by the prepits and 
returning to the photodetector is dependent upon the transmittance of the first 
layer and the reflectance of the second layer. If the transmittance of the first layer is 
low or the reflectance of the second layer is low, a difference occurs in the signal 
amplitude from the address prepits in the first and second layers. This can make it 
di£Bcult to accurately read the address information fi:om the prepits in the second 
layer. 

Disclosure of Invention 

The present invention is directed to a solution for the aforementioned 
problems. An object of this invention is to detect the recording layer on which the 
h^t spot is focused by means of a convei^ence state detection means, improve read 
signal quahty by means of a signal quahty boosting means so as to achieve optimal 
signal quahty for the recording layer on which the li^t spot is focused, and therdby 
improve the playback s^nal quahty for address signals reproduced from prepits in 
the second recording layer. 

To resolve the problems of the prior art and achieve the above objects, 
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an optical disc according to the present iavention is an optical disc haviag 
preformed identification signals indicating disc positions and a plmrality of data 
layers for recording data signals usrog a local change in an c^tical constant or 
physical sh^e effected by U^t beam emission to recording tracks where both spiral 
or concentric groove tracks and land tracks between the groove tracks formed on 
each data layer are recording tracks where the identification signals consist of peak 
and valley prepits of different optical depth or height on the plural data layers. 

An optical disc drive according to the present invention has an optksl 
disc having plural data layers; a laser drive means for driving a semiconductor 
laser; a converging means for converging a K^t beam on the optical disc, the light 
beam being light output firom the semiconductor laser driven by the laser drive 
means; a focus control means for controlling a focal position of the convergence point 
of the h^t beam converged by the convergence means on the optical disc; a 
tracking control means for positioning the convergence point of the light beam 
converged by the convergence means on a track of the optical disc; a photodetection 
means for detecting reflection of the converged h^t beam from the optical disc; and 
a convergence detection means for detecting convergence of the hght beam emitted 
to the plural data layers of the optical disc; wherein the optical disc drive controls 
the laser drive means based on output firom the convei^ence detection means, and 
sets h^t beam emission power when reading the disc separately for the plural data 
layers of the optical disc. 

An optical disc drive according to a finiher aspect of the present 
invention has an optical disc having plural data layers; a laser drive means for 
driving a semiconductor laser; a convei^ng means for converging a hght beam on 
the optical disc, the hght beam being light output fi(X)m the semiconductor laser 
driven by the laser drive means; a focus control means for controlling a focal 
position of the convei^nce point of the h^t beam convei^ed by the convergence 
means on the optical disc; a tracking control means for positioning the convergence 



point of the Ught beam converged by the convergence meaas on a track of the optical 
disc; a photodetection means for detecting reflection of the converged li^t beam 
£com the optical disc; a gain contrd means for controlling changing the gain of 
output from the photodetection means; and a convei^ence detection means for 
detecting convei^ence of the li^t beam emitted to the plural data layers of the 
optical disc; wherein the optical disc drive controls the gain control means based on 
output from the convergence detection means, and sets the output voltage of the 
photodetection means when reading the disc separately for the plural data layers of 
the optical disc. 

An optical disc drive according to a further aspect of the present 
invention has an pptical disc having plural data layers; a laser drive means for 
driving a semiconductor laser; a converging means for convergiag a Hght beam on 
tiie optical disc, the K^t beam being hght output from the semiconductor laser 
driven by the laser drive means; a focus control means for controlling a focal 
position of the convei^nce point of the I^t beam convolved by the convergence 
means on the optical disc; a tracking control means for positioning the convergence 
poiat of the light beam converged by the convergence means on a track of the optical 
disc; a photodetection means for detecting reflection of tiie converged Hght beam 
from the optical disc; an equalization contrd means for controlling the equalization 
characteristics of photodetection means output; and a convergence detection means 
for detecting convei^ence of the h^t beam emitted to the plural data layers of the 
optical disc; wherein the optical disc drive sets the equalization characteristics for 
each of the pltural data layers based on output from the convergence detection 
means. 

An optical disc drive according to a further aspect of the present 
invention has an optical disc having plural data layers; a laser drive means for 
driving a semiconductor laser; a convergtr^ means for convergiag a light beam on 
the optical disc, the hght beam being hght output from the semiconductor laser 



driven by the laser drive means; a focus control means for controlliag a focal 
position of the convergence point of the hght beam converged by the convergence 
means on the optical disc; a tracking control means for positioning the convenience 
point of the IL^t beam convei^ed by the convergence means on a track of the optical 
disc; a photodetection means for detecting reflection of the converged li^t beam 
ficom the optical disc; and a convergence detection means for detecting convergence 
of the hght beam emitted to the plural data layers of the optical disc; wherein the 
optical disc drive sets the focal position for each of the plural data layers based on 
output ficom the convei^nce detection means. 

An optical disc drive acoordimg to a further aspect of the present 
invention has an optical disc havLng plural data layers; a laser drive means for 
drivtag a semiconductor laser; a converging means for convergiag a hght beam on 
the optical disc, the Hght beam beiag Hght output from the semiconductor laser 
driven by the laser drive means; a focus control means for controDing a focal 
position of the convergence point of the H^t beam convei^d by the convergence 
means on the optical disc; a tracking control means for positioning the convei^nce 
point of the Hght beam converged by the convergence means on a track of the optical 
disc; a photodetection means for detecting reflection of the converged Hgjit beam 
from the optical disc; and a convergence detection means for detecting convei^ence 
of the H^t beam emitted to the plural data layers of the optical disc; wherein the 
optical disc drive sets the tracking position for each of flie plural data layers based 
on output from the convergence detection means. 

An optical disc drive according to a ftirther aspect of the present 
invention has an optical disc having plural data layers; a laser drive means for 
driving a semiconductor laser; a convei^g means for convei^ing a Hght beam on 
the optical discv the Hght beam beii^ Hght output from the semiconductor laser 
driven by the laser drive means; a focus control means for controlling a focal 
position of the convergence poiut of the Hght beam converged by the convergence 



means on the optical disc; a tracking control means for posLtiordi^ the convei^ence 
point of the H^t beam converged by the convergence means on a track of the optical 
disc; a tilt control means for controlling tilt of the convergence point of the h^t 
beam converged by the converging means at the optical disc surface; a 
photodetection means for detecting reflection of the converged light beam from the 
optical disc; and a convergraoice detection means for detecting convergence of the 
H^t beam emitted to the pliu-al data layers of the optical disc; wherein the tilt 
position is set for each of the plural data layers based on output from the 
convei^ence detection means. 

Other objects and attainments together with a fuller xmderstanding 
of the invention will become ^parent and ^predated by referring to the following 
description and daims taken in conjunction with the accompanying drawir^. 

Brief Description of Drawings 

5%. 1 is a block diagram of an optical disc drive according to the first 
and fifiih embocBments of the present invention; 

Pig. 2 is a block digram of an optical disc drive according to the prior 

art; 

Fig. 3 shows the amfiguration of an optical disc recorded and 
reproduced by an optical disc drive according to a first embodiment of the present 
invention; 

Fig. 4 is a flow chart used to describe the recording and playback 
principle of an optical disc drive according to a first embodiment of the present 
invention; 

Fig. 5 describes the convergence state detection means of an apticsi 
disc drive according to a first embodiment of the present invention; 

Pig. 6 describes the convergence state detection means of an optical 
disc drive according to a third embodiment of the present invention; 
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Pig, 7 describes the conveigence state detection means of an optical 
disc drive according to a fourth embodiment of the present invention; 

Figs. 8A to 8D describe the configuration of an optical disc according 
to a first embodiment of the present invention; 

Fig. 9 describes the waveform afiter signal quality improvement by an 
optical disc drive accordingto afourth embodiment of the present invention; 

Fig. 10 is a graph used to describe an optical disc according to a first 
embodiment of the present invention; 

Fig. 11 is a graph used to describe an optical disc according to a sixth 
embodiment of the present invention; 

Fig. 12 is a graph used to describe an optical disc according to a 
seventh embodiment of the present invention; 

Fig. 13 is a graph used to describe an optical disc according to a 
ei^th embodiment of the presmt invention; 

F^. 14 is a graph used to describe an C5)tical disc according to a ninth 
embodiment of the present invention; 

Fig. 15 is a graph used to describe an optical disc according to a tenth 
embodiment of the present invention; 

Fig. 16A and 16B are graphs used to describe equalizer 
characteristics in a seventh embodiment of the invention; 

F^. 17 is used to describe the focusing position in an ei^th 
embodiment of the present invention; 

Fig. 18 is used to describe the tracking position in a ninth 
embodiment of the present invention; 

Fig. 19 is used to describe radial tilt in a tenth embodiment of the 
present invention; 

Fig. 20 is used to describe a tangential tilt optical disc in a second 
embodiment of the present invention; 



Pig. 21 is used to describe a convei^nce state detection means in an 
optical disc drive according to a second embodiment of the present invention; 

F^. 22 describes the waveform after signal quality improvement by 
an optical disc drive according to a fifth embodiment of the present inventiGn; 

Fig, 23 is used to describe signal recording and playback by an optical 
disc drive according to the prior art; 

Fig. 24 is used to desodbe signal recording and playback by an optical 
disc drive according to the prior art; 

Fig. 25 shows e>sperimental results firom recording and playback by 
an optical disc drive accordii^ to the prior art; 

Pig. 26 shows experimental results from recording and playback by 
an optical disc drive according to an eleventh embodiment of the present invention; 

Fig. 27 is a block diagram of an optical disc drive according to a 
twelffih embodiment of the present invention; 

Fig. 28 is used to describe the recording compensation principle of a 
twelfth embodiment of the present invention; 

Fig. 29 is used to describe the recording compensation principle of a 
twelfth embodiment of the present invention; 

Pig. 30 shows the configuration of an optical disc according to an 
eleventh embodiment of the present invention; 

Fig. 3 1 describes a thirteenth embodiment of the present invention; 

Fig. 32 is a flow chart of the recording and playback process in a 
thirteenth embodiment of the present invention; 

F^. 33 is a flow chart of the recording and playback process in a 
fourteenth embodiment of the present invention; 

Pig. 34 shows an optical disc recorded and reproduced by an optical 
disc drive according to a first embodiment of the present invention; 

P^. 35 shows the configuration of an optical disc according to the 
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fifteenth and sixteentih embodimeats of the present invention; and 

Fig. 36 is used to describe the recording compensation princ;5)le of the 
fourteenth embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

The preferred embodiments of the present invention are described 
below with reference to the accompanying figures. 

Kg. 1 is a block diagram of an optical disc drive according to a first 
embodiment of the present invention. Shown in Fig. 1 are an optical disc 101, 
semiconductor laser 102, collimator lens 103, beam splitter 104, convergent lens 105, 
collective lens 106, photodetector 107, playback signal operating means 108, focus 
controller 109, tracking controller 110, actuator 111, convei^nce detector 112, laser 
drive unit 1 13, and signal processing vmit 115. 

The playback operation of this optical disc drive is described next. 

The optical disc 101 in this example has two data recording layers. A 
li^t spot firom the laser is convei^ed on one of these two layers to read data firom 
that layer. 

The light beam emitted fix»m the semicanductor laser 102 passes the 
collimator lens 103, beam spKtter 104, and convei^t lens convei^t lens 105, 
and is collected on one of the two data recording layers. The collected light spot is 
reflected and dif&racted by the optical disc 101, passes back through the convergent 
lens 105, beam splitter 104, and coflective lens 106, and is collected on the 
photodetector 107. The photodetection elements A, B, C, D of the photodetector 107 
each output a vdts^e s^al corresponding to the amount of l^t collected theretai, 
and the playback signal operating means 108 performs an arithmetic operation on 
these voltage signals. 

The playback signal operatii^ means 108 passes output s^nal FE to 



flie focus controller 109, output signal TE to the tracking controller 110, and output 
signal RF to the convei^nce detector 112. 

The focus controller 109 applies voltage determined by output signal 
FE to the actuator 1 11 to control the focal position of the li^t spot on one of the two 
data recording layers of the optical disc lOl. 

The tra(^g controller 110 similarly applies voltage deteimined by 
output signal TE to the actuator 111 to control the tracking position of thehght spot 
so that the spot tracks a desired track on the desired data recording layer of the 
optical disclOl. 

Information recorded to the optical disc is read by reading the pr^it 
peaks and valleys on the optical disc or by reading the marks and spaces with 
different reflectance on a phase change optical disc. 

The convergence detector 112 detects fix)m the RF signal on which of 
the two data recording layers on the optical disc 101 the li^t spot is convei^ed. The 
result is passed to the laser drive unit 113, which controls light output from the 
semiconductor laser 102. 

The structure of the optical disc 101 is described next. 

An example of the optical characteristics of an optical disc with two 
data recording layers is described first with rdference to Fig. 3. 

Hie data recording layer on the side to which the laser beam is 
incident is the first data layer. Only light beams that have passed through the fest 
data layer reach the second data layer. An optical disc drive for phase change media 
drives a semiconductor laser at a peak power levd to convert crystalline spaces ia 
the data layer to amorphous marks, or at a bias power level to convert the 
amorphous marks to crystalline spaces. By emitting the laser to the optical disc at 
the appropriate power level, the optical disc drive creates the marks (amorphous) 
and spaces (crystalline) used to encode data. 

The structures of the fiist and second data layers are described next. 
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In the first data layer the reflectaace 301 of a arystaHine space is 9%, 
crystalline absorption 302 is 41%, and crystalline transmittance 303 is 50%. Note 
that these percentages are based on the intoasity of the emitted light beam beirig 
100%, 

The reflectance 304 of the amorphous marks in the first data layer is 
3%, amorphous absorption 305 is 27%, and amorphous transmittance 306 is 70%. 

A signal detected fi?om the data area of the first layer corresponds to a 
signal for which the difference (ARl) between the first layer crystalline reflectance 
301 and first layer amorphous reflectance 304 is detected. This first layer ARl is 6%. 

In the second data layer the reflectance 307 of a crystalline space is 
13%, crystalline absorption 308 is 65%, and crystalline transmittance 309 is 22%. 

The reflectance 3 10 of the amorphous marks in the second data layer 
is 37%, amorphous absorption 311 is 37%, and amorphous transmittance 312 is 
26%. 

A si^al detected firom the data area of the second layer corresponds 
to a signal for which the difference (AR2) between the second layer crystalline 
reflectance 307 and second layer amoiphous reflectance 310 is detected. 

However, only light that has passed the first data layer reaches the 
second data layer. Likewise, only the light that is reflected and diffracted by the 
second data layer and then passes back through the first data layer reaches the 
photodetector. 

First layer transmittance differs in the crystalline spaces and 
amorphous marks, and as noted above is 50% in the crystalline parts and 70% in 
the amorphous parts. When the disc is initialized, flie entire first layer is crystalline. 
When the entire first layer is crystalline and Grst layer crystaBine transmittance 
303 is 50%, 50% of the emitted fight reaches the second layer. Of the light that is 
reflected and diflfracted by the second layer, only 50% passes back throu^ the first 
layer. There is, therefore, a li^t loss of 25% (= 50% * 50%) as a result of the light 
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passing flie first layer to the second layer passing back again throu^ the first layer. 
The second layer signal amplitude (AR2) is therefore the product of the 25% loss 
resulting firom two passes through the first layer and the difference between the 
second layer crystalline reflectance and second layer amorphous reflectance. As a 
result, AR2 = -24% * 25% = -6%. Note that the difference between the crystalline 
reflectance and amorphous reflectance when calculating ARl and AR2 is obtained 
by simple subtraction, that is, (crystalline reflectance) - (amorphous reflectance). 
Note, further, that AI12 for the second layer is a negative value because the second 
layer crystalline reflectance is less than second layer amorphous reflectance. 

S^al amphtude in the first layer data area and second layer data 
area can be balanced by providing the above described optical characteristics in an 
optical disc with two data layers, and stable, uniform signal quality can be assured 
in both the first and second layers. 

The data recording and playback processes are described next below 
with reference to P^. 4. 

When an optical disc is inserted to the optical disc drive, the laser 
drive xmit 113 emits a laser beam ia the laser drive step (laser on). The focus 
controller 109 then adjusts the focal position of the hght spot to a desired track in a 
desired data layer at a particular radial position of the disc (focus on). The tracking 
controller 110 then controls the tracking position of the hght spot to a particular 
track in the first layer in the tracking control step (tracking on). The convergence 
detector 112 then detects which layer the hght spot is converged on in the 
convergence detection step (recording layer detection). 

What happens when the light spot is detected by the convergence 
detection step to convei^e on the first layer is described next. 

The laser drive step (laser power adjustment) is instructed to adjust 
laser power so that the playback s^al is optimized for the first layer. The laser 
drive step thus optimizes semiconductor laser power, and the address information is 
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accurately detected (first layer address detection) based on the data output by the 
playback signal operating step playback signal operating means 108). Data 
recording or playback then starts from a specified sector in the first layer. 3 

What happens when the hght ;^ot is detected by the convei^ence 
detection step to converge on the second layer is described next. 

The laser drive step Oaser power adjustment) is instructed to adjust 
laser power so that the playback signal is optunized for the second layer. The laser 
drive step thus optimizes semiconductor laser power, and the address information is 
accurately detected (second layer address detection) based on the data output by the 
playback signal operating step (playback signal operating means 108). Data 
recordu^ or playback then starts firom a j^edfied sector in the second layer. 

The playback principle when reading an address area firom an optical 
disc with optical characteristics as shown ia Fig. 3 is described next. 

Fig. 8A is a schematic dis^am showing an address area and the first 
layer guide groove 801 of flie optical disc. The guide groove 801 is a groove track. 
Groove tracks 801 are separated by land tracks 802. The optical disc is 
manufactured with the guide groove tracks 801 and prepits 805 formed at constant 
intervals on the disc as address information radicating a specific location (address) 
on the disc. The areas where the prepits are formed in the guide grooves of the 
optical disc are called address areas address area 806, and the other areas formed in 
the guide grooves where data is writable are called data areas. Address information 
is expressed by the presence (or lack) of the prepits and varyiag the length of the 
prepits in the address area 806. The address areas also contain an area where 
spaces and pits of the same length are preformed Reference niuneral 803 indicates 
the repeated pit train in the first part of the address area (referred to below as the 
first pit train), and reference numeral 804 indicates the repeated pit train in the 
second part of the address area (rrferred to below as the second pit train). These 
repeated pit trains in the first and second parts of the address area are staggered on 
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the inside dxcuinference and outside dmunference sides of the guide groove track 
801. The distance between the groove track center and the center of the first pit 
traiQ is Wa, and the distance between the groove track center and the center of the 
second pit train is Wb. The distance between adjacent pit traios is track pitch Tp. 
The relationship between Wa, Wb, and Tp is Wa = Wb = Tp/2, Reference numeral 
807 indicates the prepit depth; the depth of prepits in the first layer is dl, and the 
depth of prepits ia the second layer is 32. 

While the structure of the first layer is shown in Fig. 8A and 
described above, it will be noted that the structure of the second layer is identical to 
the first layer except that the prepit depth in the second layer is d2. 

The waveform of the playback signal when the light spot passes the 
address area as shown in Pig. 8A is shown in Fig. 5. 

When the light spot scans the address area of the first layer is 
described next. 

The top part of Fig. 5 shows the playback signal waveform 501 firom 
the first pit train in the first layer, and the playback signal waveform 502 fi'om the 
second pit train in tihe first layer. Reference numeral 503 indicates the voltage fi:om 
the ground level 504 of the average of the medians of the playback signal 
waveforms fi:om the first pit train and the second pit train. Reference numeral 505 
is the maximum s%nal ampKtude AARl from the first layer address area, and in an 
optical disc with optical characteristics as shown in Pig. 3 AARl is 3%. 

When the hght spot scans the address area of the second layer is 
described next. 

The bottom part of Fig. 5 shows the plasi)ack signal waveform 506 
fix)m the first pit train in the second layer, and the playback signal waveform 507 
fix)m the second pit train in the second layer. Reference numeral 508 indicates the 
voltage from the groimd level 509 of the average of the medians of the playback 
signal waveforms fi:om the first pit train and the second pit train. Reference 



numeral 5 10 is the maxiinmn signal amplitude AAR2 from the second layer address 
area, and in an optical disc with optical characteristics as shown in Fig. 3 AAE2 is 
1.1%. 

The diflfraction ratio of the prepits to the mirror surface area, which is 
the amoimt of l^ht difi&acted by the pits and returning to the photodetector, is 66%. 
Prepit depth is the same in the first and second layers. The prepit diffraction ratio 
to the mirror area depends upon the prepit depth, width, and length, and while is 
described as 66% in this example the diffraction ratio can obviously differ. The 
difference between the maximum signal amplitude 505 from the first layer address 
area and tiie maximum signal amplitude 510 firom the second layer address area is 
approximately three times, and the prepit addresses cannot be correctly reproduced 
in each of the layers due to differences in the signal qualily Jfrom the first layer and 
second layer. 

It is therefore necessary to determine whether the H^t spot is 
converged on the first layer or second layer using the convergence detector 112 
shown in Fig. 1 to improve playback signal quahty in the address area accordin^y. 

The prepit amplitude is changed in the first layer and second layer in 
order to adjust the signal ampHtude in the address areas of the first and second 
layers. 

The relationship between prepit depth and the playback signal 
amplitude of the prepit address areas is shown in Fig. 10. As shown in Fig. 10, 
prepit address playback signal ampUtude is greatest when the hght wavelengtii is X 
if the effective prepit groove depth is X/4. 

The difference between the signal amplitude firom address prepits in 
the first and second layers can be reduced in an qptical disc according to the present 
invention by adjusting prepit depth in the first layer and prepit depth in the second 
layer. 

This is described more spedficafly below. 
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Second layer address amplitude can be increased by forming the 
prepits as shown in Fig. 8B so that: 
dl<d2<=Ay4. 

By making the depth of second layer prepits less than or equal to 7J4 
and approxmiateLy X/4, and making the prepit depiih in tihe first layer less than the 
prepit depth in the second layer to reduce the first layer address ampUtude, a disc 
configured as described by the above equation has the effect of increasing playback 
signal amplitude fcom the second layer address prepits, and improving signal 
amplitude in the second layer address area by reducing playback signal amplitude 
from the first layer address prepits and reducing the amplitude difference in signals 
fiirom the first layer and second layer address prepits. 

Another possible configuration is shown in Fig. 8C, which can be 

expressed as: 

dl< X/4 <= d2, and dl > (d2 - Ay4). 

In this configuration the groove depth of second layer prepits is 
greater than or equal to 7J4 and approximately equal to X/4, and the depth of first 
layer prepits is less than (second layer prepit depth) miaus QJ4) to reduce first layer 
address amplitude, thereby increasing playback signal amplitude firom second layer 
address prepits. In addition, signal amplitude fi:om second layer address areas is 
improved by reducing playback signal amplitude &om the first layer address 
prepits and reducing the amplitude difference between playback signals firom first 
and second layer address prepits. 

A yet fiirther possible configuration is shown in Pig. 8D and can be 

ejspressedas: 

Ay4<=d2<dL 

In this configuration the depth of second layer prepits is greater than 
or equal to 7J4 and approximately equal to 7J4, and the first layer prepit depth is 
greater than the second layer prepit depth to reduce the first layer address signal 
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amplitude, thereby effectively increasing the playback signal amplitude &om second 
layer address prepits. In addition, the second layer address area playback signal 
amplitude is improved by reducing the playbad?: signal amphtude fix)m the first 
layer address prepits and reducing the amplitude difference between playback 
signals firom first and second layer address prepits. 

The depth of prepits in an optical disc according to the present 
invention refers to the optical depth or height with consideration for the refi:activity 
of the medium. 

TCTnbndiniPTit2 

A method for discrLminating the first layer and second layer of an 
optical disc using a physical feature of the disc is described ia the above first 
embodiment using an optical disc ia which the groove depth is different in the first 
and second layers. This second embodiment of the invention describes a method 
whereby the disc recorder or player discriminates the first and second layers using 
an optical disc in which the groove depth is the same in the first and second layers. 

The following second to fourth embodiments describe a convergence 
detector 112 for determining whether the hgjit spot is focused on the first layer or 
on the second layer when a signal is generated by focusing a hght spot on the optical 
disc. 

A second embodiment of the invention is described first with 
reference to the figures. 

A convergence detector 112 for detecting light spot convergence using 
a playback signal firom the prepits in the address area is described with reference to 
Pig. 5 and Fig. 21. The configuration of the optical disc drive is identical to that of 
the fibcst embodiment shown in Pig. 1. 

In order to determine whether the Kght spot is focused on the first 
layer or second layer, the convergence detector 112 of the optical disc drive of the 



present inveiition determines the slice level voltage 2103 of the address signal, 
which is the average of the median of the playback signal waveform of the first pit 
train 2101 and the median of the playback signal waveform of the second pit train 
2102, and then determiaes whether the shoe level is in a first voltage range 
Obetween threshold value la and threshold value lb) or a second voltage range 
^between threshold values 2a and 2b). If the shoe level voltage is between threshold 
values la and lb, the address signal was read from the first layer; if between 
threshold values 2a and 2b, the address signal was read firom the second layer. 

The ranges of threshold values la to lb and threshold values 2a to 2b 
do not overlap. If, for example, as shown in Fig. 5, the sKce level is in the range 

(la-lb) = 7.5%iA, 
the address signal is fi:om the first layer; if the shoe level is ia the range 

(2a-2b) = 2.75%±A, 

the address signal is from the second layer. The convergence detector 112 
determines firom which layer the signal is read. Note that A is 10% of the value on 
the left. The threshold value range la to lb is therefore (7.5% + 0.75%) to (7.5% - 
0.75%). The same denotation is used below. 

If there are three or more data recording layers, it is only necessary to 
define additional constant shoe level voltage ranges. 

Alternatively, the convei^ence detector 112 in the optical disc drive of 
this inveation can determine whether the H^t spot is focused on the first layer or 
second layer based on the maximum address amplitude voltage 2 105 detected fjcom 
the address area. If the maximum address amplitude is within a specified range 
(threshold values Ic to Id), the address is read firom the first layer; if within another 
specific range (threshold values 2c to 2d), the second layer is recc^nized 

The threshold value ranges Ic to Id and 2c and 2d also do not overlap. 
For example, referring agaia to Fig. 5, 
maximum address area amphtude AARl = (Ic - Id) = 3%±A 
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and ideatifies the first layer; and 

maximnin address area amplitude AAR2 = (2c - 2d) - 

and identifies the second layer. The convei^ence detector 112 also makes this 
determination. 

If the nimiber of plural data recordbig layers is 3 or more, it is again 
also only necessary to define additional constant maximum address signal 
amplitude ranges. 

This second embodiment of the invention can thus determine from 
the address area s^al on which of plural data recording layers on the optical disc 
the light spot is focused. 

Fig. 21 shows an example for layer X on a disc with N data recording 

layers. 

Embodijpiettt 3 

A third embodiment of the present invention is described next below 
with reference to the accompanying figures. 

The convergence detector 112 in this third embodunent detects light 
spot convergence usiag signals from vmrecorded tracks in the data area, and is 
described with reference to Fig. 5 and Fig. 6. The configuration of the optical disc 
drive is identical to liiat of the first embodunent shown in Fig. 1. 

In order to determine whether the light spot is focused on the first 
layer or second layer, the convergence detector 112 of the optical disc drive of the 
present invention holds the groove level 602, that is, the playback signal level from 
an unrecorded track in the data area. The Hght spot is focused on the first layer if 
the groove level is in a specific range (between threshold values le and 10, and is 
focused on the second layer if the groove level is in another specific range ^between 
threshold values 2e and 2f). 

If there are three or more data recording layers, it is only necessary to 



define additional specific groove level voltage (threshold value) ranges. It wQl also be 
noted that threshold value raii^ le to If and threshold value range 2e to 2f do not 
overlap. 

As shown in Fig. 5, for sample, if the groove level is ia the range 
(Ie-10=6%±A, 
the light spot is focused on the first layer. If it is ia the range 
(2e-20 = 2,2%±A, 

the light spot is focused on the second layer. The convergence detector 112 makes 
this determination. 

Alternatively, the convergence detector 112 in the optical disc drive of 
this iQvention can determine whether the H^t spot is focused on the first layer or 
second layer by holding the mirror level 601, which is the playback signal level from 
the mirror area of the disc. As shown in Pig. 8A, the mirror area is the flat area 
between the groove track 801 and the first pit train 803, and between the first pit 
train 803 and second pit train 804. 

The light spot is focused on the first layer if the mirror level is in one 
specific voltage range (between threshold values Ig and Ih), and is focused on the 
second layer if the mirror level is in another specific voltage range (between 
threshold values 2g and 2h). 

Note that a mirror area is a mirror pohshed area of the disc where 
neither guide grooves or prq)its are formed. 

If the number of plural data recordiag layers is 3 or more, it is again 
also only necessary to define additional constant mirror level voltage ranges. It will 
also be noted that threshold value ranges Ig to Ig and 2g to 2h do not ovedsg). 

As shown in Pig. 5, for example, if the mirror level is in the range 
(lg-lh) = 9%±A, 
the l^ht spot is focused on the first layer. If it is in the rax^e 
(2g-2h) = 3.3%iA, 
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the light spot is focused on the second layer. Hie convei^ence detector 112 makes 
this determination. 

As described above, the present invention can identify the data 
recording layer on which the h^t spot is focused in an optical disc having plinral 
data recording layers based on a signal from an unrecorded track in the data area. 

Embodiment 4 

A fourth embodiment of the present invention is described next below 
with reference to the accompanying figures. 

The convergence detector 112 in this fourth embodiment detects hgjht 
spot convergence using signals from recorded tracks in the data area, and is 
described with reference to Fig. 7. The configuration of the optical disc drive is 
identical to that of the first embodiment shown in Pig. 1 . 

In Pig. 7 reference numerals 701 to 706 show the playback signal 
waveform from the mirror area and recording signal area (part of groove track 801 
in Pig. 8) of the first layer, and reference numerals 707 to 712 show the playback 
signal waveform from the mirror area aad recording signal area ^art of groove 
track 801 in Fig. 8) of the second layer. Note that the recording signal envelope in 
the first layer is below the groove level 704. As will be dear from Fig. 3, tins is 
because when a mark is written in the first layer (changuig the phase diange film of 
the disc from a crystalline to amorphous state), the reflectance drops fi«)m 9% to 3%. 
In the second layer, however, the recording signal envelope is above the groove level 
710. This will also be dear from Pig. 3 because when a mark is written to the second 
layer, reflectance rises from 13% to 37%. This is because the composition of the 
phase diange layer is different in the first and second layers. 

How the convergence detector 112 in the optical disc drive of this 
embodiment determines whether the light spot is focused on the first layer or 
second layer is described bdow. How the convergence detector 112 determines that 



the M^t spot is focused on the first layer when the light spot is focused on the first 
layer is described first. 

The convergence detector 112 holds the mirror-slice level voltage 
difference 702, which is the volt^e difference between the recordiag signal shoe 
level 703 (the median of the signal ampUtude of the recording signal envelope, that 
is, the waveform of the playback sigaal firom the data area recording track being 
read) and the voltage of the mirror level 70 1 signal (that is, a signal read fiom a flat 
mirror siirface area where no guide grooves or prepits are formed). 

If the mirror-slice level voltage difference 702 is in a specific range 
03etween threshold values li and Ij), the light spot is focused on the first layer. 

How the convergence detector 112 determines that the light spot is 
focused on the second layer when the hght spot is focused on the second layer is 
described first. 

The convei^nce detector 112 holds the mirror-shce level voltage 
difference 708, which is the voltage difference between the recording signal shoe 
level 709 (the median of the signal ampHtude of the recording signal envelope, that 
is, the waveform of the playback sigaal from the data area recording track being 
read) and the voltage of the mirror level 707 signal (that is, a signal read from a flat 
mirror sinf ace area where there are no guide grooves or prepits). 

If the mirror-3hce level voltage difference 708 is in a specific range 
(between threshold values 2i and 2j), the Hght spot is focused on the second layer. 

As in the previous embodiments, ranges li to Ij and 2i to 2j do not 

overlap. 

As shown in Fig. 7, for example, if the mirror-slice level voltage 
difference is in Hie range 

(li-lj)=4.95%±A, 
the light spot is focused on the first layer. If it is ia the range 

(2i-2i) = l%±A, 
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the light spot is focused on the second layer. The convergence detector 112 makes 
this determination. 

The maximum recording signal level, whidi is the highest recordiag 
s^al level, can be used in place of the recordiag signal shce level. Further 
alternatively, the minimimi recording signal level, which is the lowest recording 
signal level, can also be used in place of the recording signal shce level. 

If the number of plural data recordiag layers is 3 or more, it is also 
only necessary to define additional constant mirror-shce level voltage difference 
ranges. 

Altemativdy, the convergence detector 1 12 ia the optical disc drive of 
this invention can deterraine whether the li^t spot is focused on the first layer or 
second layer by holding the groove-shce voltage difference 706, which is the voltage 
difference between the recordiag signal shce level 703 (the median of the sigaal 
amplitude of the recordiag sigaal envelope, that is, tlie waveform of tiie playback 
signal tvom the data area recording track being read) and the groove level 704 
voltage, that is, a signal read firam an unrecorded guide groove. If the difference of 
the (recordiag signal shce level) - (groove level) is positive, the light spot is focused 
on the first layer; if negative, the Hght spot is focused on the second layer. 

Depending upon the optical disc, the li^t spot may be focused on the 
first layer when the (recording signal slice level) - feroove level) difference is 
negative, and focused on the second layer when the difference is positive. 

It will thus be known that the present invention can also determiae 
fifom signals read from recorded tracks in the data area on which of plural data 
recording layers the Hght spot is focused. 

Emboclin^ent5 

A fifth embodiment of the present iavention is described next below 
with reference to the accompanying figures. The second to fovurth embodiments 



above describe a caavei^nce detector 112 for disciimiiiatiag between the first and 
second layers of an optical dbsc. The fifth to seventh embodiments below describe 
how to make signal output from the second layer identical to signal output firom the 
first layer when the convergence detector 112 determines that the light ^ot is 
focused on the second layer. 

This is described first with reference to Pig. 1. 

The laser drive wait 1 13 is controlled to drive the semiconductor laser 
102 at an output level optimized for the first layer when the convergence detector 
1 12 determines that the light spot is focused on the first layer or it is not dear which 
layer the light spot is focused on. 

If the convei^ence detector 112 determines that the light spot is 
focused on the second layer, the convergence detector 112 controls the laser drive 
unit 113 to drive the semiconductor laser 102 at an output level optimized for the 
second layer. In this case the laser drive unit 113 drives the semiconductor laser 
102 at approximately 2.7 times the output power when the light spot is focused on 
the first layer. Why a value of 2.7 times is used is described below. 

Scanning the address area with the light spot is described with 
reference to Fig. 9, referring specifically to scanning an address area in the first 
layer. 

Reference nimaeral 901 is the playback signal waveform of the first 
pit train in the first layer, and reference numeral 902 is the playback signal 
waveform of the second pit train in the first layer. Reference numeral 903 indicates 
the maximum signal amphtude AARl of the first layer address area, which in an 
qptical disc with optical characteristics as shown in Fig. 3 is 3%. Reference numeral 
904 indicates the ground level voltage. The maximiun signal amplitude 505 of the 
first layer address area is also shown as AARl = 3% in Fig. 5. 

Scanning the address area of the second layer with a light spot 
emitted at the same laser power level used for the fibcst layer instead of driving the 



laser drive unit 113 at 2.7 times the first layer power level is described next. Note 
that the maximum amphtude AAR2 of the second layer address area is 1.1%, as 
also shown iq Fig. 5 as the maximxmi signal amphtude 510 of the second layer 
address area. However, by multiplying laser power 2.7 times, tiie maximum 
amphtude AAK2 of 1.1% can be increased to 3%. Therefore, when the convergence 
detector 1 12 shown ia Pig. 1 accordiag to this fifth embodiment determines that the 
hght spot is focused on the second layer, the laser drive tmit 113 drives the laser to 
output a Mght spot at 2.7 times the power level used when the Ij^t spot is focused 
on the first layer. 

Reference numeral 905 in Pig. 9 shows the playback sLgtial waveform 
of the first pit traia in the second layer when the h^t spot is emitted at 2.7 times 
the first layer power level, and reference numeral 906 shows the playback signal 
waveform of the second pit train fi:om the second layer. Reference numeral 907 
shows the maximum signal amphtude of the second layer address area. When the 
convergence detector 112 detects that the light spot is focused on the second layer, 
the laser driver drives the semiconductor laser at 2.7 times the output level for the 
first layer, and the amoimt of h^t incident on the photodetector is therefore 2.7 
times the hght output of the first layer. The maximum s^al amphtude AAR2 of 
the second layer address area is therefore 3%. 

The maximum signal amphtude of the address area is therefore 3% 
ia both the first and second layers, and playback signal quahly is therefore 
improved in the first and second layer address areas. 

It should be noted that while semiconductor laser output is increased 
2.7 times when the hght spot is focused on the second layer compared with when 
focused on the first layer, this increase is determined by the first layer crystalline 
reflectance, the second layer crystalline reflectance, and the first layer absorption. 

This increase is also determined by the state of the recorded and 
xmrecorded tracks of the first layer directly below the second layer. 
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It is fiirtiher possible to restrict increase laser output 2.7 times to 
when the Mght spot is focused on the address areas of the second layer. 

Yet farther, the increase in laser output can be different in the data 
areas and address areas of the second layer. 

Embodiment 6 

A sixth embodiment of the present invention is described next below 
with reference to Fig. 11. 

Shown in Pig. 11 are an optical disc 1101, semiconductor laser 1102, 
collimator lens 1103, beam splitter 1104, convergent lens 1105, coflective lens 1106, 
photodetector 1107, playbadc signal operating means 1108, focus controller 1109, 
tracking controller 1110, actuator 1111, convergence detector 1112, laser drive unit 
1 1 13, gain controller 1 1 14, and signal processing unit 1 1 15. 

When the l^ht spot is focused on the first layer or the focal point is 
xmdetermined, the convei^ence detector 1112 controls the gain controller 1114 so 
that the gain in the output voltage of the photodetector is optimized for the first 
layer. 

When the light spot is focused on the second layer, the convenience 
detector 1112 controls the gain controller 1114 so that the gain in the output voltage 
of the photodetector is optimized for the second layer. In this case the convenience 
detector 1112 instructs the gain controller 1114 to set the gain in the output voltage 
of the photodetector 1107 to 2,7 times the gain when the fight spot is focused on the 
first layer. Why 2.7 times the gain is used is as described in the fifth embodiment 
above. 

The light spot scaxming an address airea in the first layer is described 

next. 

Reference numeral 901 is the playback signal waveform of the first 
pit train in the first layer, and reference mmieral 902 is the playback signal 
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waveform of the second pit train in the first layer. Reference numeral 903 indicates 
the maximum signal amplitude AARl of the first layer address area, which in an 
optical disc with optical characteristics as shown in Kg. 3 is 3%. Reference numeral 
904 indicates the groimd level voltage. 

The light spot scanning an address area in the second layer is 
described next. 

Fig. 9 shows scanning the second layer at 2.7 times the Kght spot 
power emitted to the first layer. Reference nimieral 905 shows the playback signal 
waveform of the first pit train in the second layer, and reference numeral 906 shows 
the playback signal waveform of the second pit train fi[X)m the second layer. 
Reference numeral 907 shows the maximum signal amplitude of the second layer 
address area. When the convergence detector detects that the hght spot is focused 
on the second layer, the laser driver is controlled so that the output voltage gain of 
the photodetector 1 107 is 2.7 times the first layer gain, and the output voltage of the 
photodetector is therefore 2.7 times the output vdtage when reading the first layer. 
The maximum signal amplitude AAR2 of the second layer address area is therefore 
3%. 

The maximmn signal amplitude is therefore 3% for signals read fi^om 
the address areas of the first and second layers, and playback signal quality is 
therefore improved in the address areas of both the first and second layers. 

It should be noted that the gain controller sets the output voltage 
gain of the photodetector when the Kght spot is focused on the second layer to' 2.7 
times the gain when the Hght spot is focused on the first layer, but this gain rate is 
determined by the first layer crystalline reflectance, the second layer crystalline 
reflectance, and the first layer absorption. 

This gain rate is also determined by the state of the recorded and 
unrecorded tracks of the first layer directly below the second layer. 

It is further possible to restrict inarease the gain in photodetector 



output to 2.7 times to when the Kght spot is focused on the address areas of the 
second layer. 

Yet ftirther, the increase in photodetector gain can be different in the 
data areas and address areas of the second layer. 

Embodiment? 

A seventh embodiment of the present invention is described next 
below with reference to Fig. 12. 

Shown in Pig. 12 are optical disc 1201, semiconductor laser 1202, 
collimator lens 1203, beam spHtter 1204, convei^nt lens 1205, collective lens 1206, 
photodetector 1207, playback signal operating means 1208, focus controller 1209, 
tracking controller 1210, actuator 1211, convergence detector 1212, laser drive unit 
1213, equalization controller 1214, and signal processing vinit 1215. The 
equahzation controller is a device that can selectively increase the gain of a spedfic 
frequency component 

The output of the convei^ence detector 12 12 is obtained by a method 
used by the convergence detector in the second, third, or fourth embodiment. 

When the hght spot is focused on the first layer or the focal point is 
undetermined, the convergence detector 1212 controls the equalization controller 
1214 so that the output voltage of the playback signal operating means 1208 is 
equalized with equalization characteristics optimized for the first layer. 

When the Hght spot is focused on the second layer, the convei^ehce 
detector 1212 controls the equalization controller 1214 so that the output voltage of 
the playback signal operating means 1208 is equalized with equalization 
characteristics optimized for the second layer. 

As shown in Kg. 16A, for example, the equahzation controller 1214 is 
preset with two equahzation curves. The first curve is set to achieve the greatest 
gain at frequency 1/2T and gain Gl, and the other curve is set to achieve the 
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greatest gain at frequency 1/2T and gain G2 where Gl < G2. If the convei^ence 
detector 1212 detects that the light spot is focused on the fixst layer, one 
equalization curve is selected, and if the hght spot is focused on the second layer, the 
other equalization curve is selected. 

The equalization curves can alternatively be set as shown in Fig. 16B 
so that the greatest gain is achieved at frequency 1/2T and gain Gl on one curve, 
and at frequency 1/3T and gain Gl on the other curve. 

It is also possible to tune the equalization characteristics after 
selecting the equalization curve. In this case the equalization controller 1214 
outputs to the signal processLng xxnit 1215, and the signal processing unit 1215 
outputs the playback signal, but the equahzatibn controller 1214 is then tuned 
based on jitter detected in the playback signal from the signal processing mdt 1215. 
Tuning could also be based on the byte error rate (BER), resolution, or asymmetry 
instead of jitter. 

The equalization characteristics for each layer are tuned by 
comparing the index (such as jitter, BER, resolution, asymmetry) of playback signal 
quahty with a specific threshold value. 

Jitter is a time shift from the playback signal of the original signal, 
and if the recording conditions are equal, low jitter generaEy indicates that playback 
is more accurate. Therefore, if jitter is less than or equal to a specific threshold value, 
best equalization characteristic has been achieved. 

The BER indicates the error rate iq the playback signal, and a low 
BER generally indicates accurate playback. Therefore, if the BER is less than or 
equal to a specific threshold value, the best equalization characteristic has been 
achieved. 

Resolution is the ratio between the ampKtude cf the signal with the 
shortest or proportionately shortest time interval in the playbadk signal, and the 
ampHtude of the signal with the longest or proportionately longest time interval in 



the playback signal, and if the recording conditions are equal, h^h resolution 
generally indicates that playback is more accurate. Therefore, if resolution is 
greater than or equal to a specific threshold value, the best equalization 
characteristic has been achieved. 

Asymmetry is a value indicative of the second harmonic component of 
the playback signal, and if the recording conditions are equal, lower asymmetry 
generally indicates that playback is more accurate. Therefore, if asymmetry is less 
tiian or equal to a specific threshold value, the best ec^aUzation characteristic has 
been achieved 

It wiQ also be obvious that while jitter, byte error rate, resolution, and 
asymmetry are vised as indices of playback signal quality above, other indices may 
also be used, including signal amplitude, C/N, and the bit error rate. 

It should also be noted that different equalization characteristics can 
be set for the data areas and address areas of the same data recording layer. 

The seventh embodiment of the invention as described above can 
thus improve playback signal characteristics in the address areas or data areas in 
each data recording layer, and can significantly improve the quahty of playback 
signals from the address areas and data areas of the optical disc. 

EmbndimfintS 

An eighth embodiment of the present invention is described next 
below with reference to Kg. 13. Shown in Pig. 13 are optical disc 1301, 

semiconductor laser 1302, collimator lens 1303, beam spHtter 1304, convei^ent lens 
1305, collective lens 1306, photodetector 1307, playback signal operatii^ means 
1308, focus controller 1309, traddi^ contrdler 1310, actuator 1311, convergence 
detector 1312, laser drive unit 1313, and signal processing unit 1315. 

The output of the convei^ence detector 1312 is obtained by a method 
used by the convergence detector in the second, third, or fourth embodiment. 
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When the H^t spot is focused on the first layer or the focal point is 
tmdetermined, the convergence detector 1312 controls the focus controller 1309 to 
optimize the focal point of the light spot on the first layer. 

When the hgjbt spot is focused on the second layer, the convergence 
detector 1312 controls the focus controller 1309 to optimize the focal point of the 
H^t spot on the second layer. 

When the beam profile is seen in section as shown in Fig. 17, the focal 
point is optimized when the narrowest part of the beam (the beam waist) is 
perpendicular to, or perpendicularly intersects, the data recording layer of the 
optical disc. After thus selecting the focal pomt, the focal point can be further tuned. 
The playback signal operating means 1308 outputs to the signal processing unit 
1315, which in turn outputs the playback signal. The focal point can be tuned by 
detecting jitter ia the playback signal and then adjusting the focus controEer 1309 
based on the detected jitter. Tuning could also be based on the byte error rate (BER), 
resolution, or asymmetry instead of jitter. 

The focal point for each layer can be tuned by comparing the index 
(such as jitter, BER, resoliition, asymmetry) of playback signal quality with a 
specific threshold value. 

Jitter is a time shift from the playback s^al of the original signal, 
and if the recording conditions are equal, low jitter generally indicates that playback 
is more accurate. Therefore, if jitter is less than or equal to a specific threshold value, 
the best focal point has been achieved. 

The BER indicates the error rate in the playback signal, and a low 
BER generally indicates accurate playback. Therefore, if the BER is less than or 
equal to a specific threshold value, the best focal point has been achieved. 

Resolution is the ratio between the amphtude of the signal with the 
shortest or proportionately shortest time interval in the playback signal, and the 
amphtude of the signal with the longest or proportionately longest time interval in 



the playback signal, and if the recording conditions are equal, high resolution 
generally indicates that playback is more accurate. Therefore, if resolution is 
greater than or equal to a specific threshold value, the best focal point has been 
achieved. 

Asymmetry is a value indicative of the second harmonic component of 
the playback signal, and if the recording conditions are equal, lower asymmetry 
generally indicates that playback is more accvirate. Therefore, if asjmametry is less 
than or equal to a spedfic threshold value, the best focal point has been achieved. 

It will also be obvious that while jitter, byte error rate, resolution, and 
asymmetry are used as indices of playback signal quality above, other indices may 
also be used, including signal amplitude, C/N, and the hit error rate. 

It should also be noted that different focal points can be set for the 
data areas and address areas of the same data recording layer. 

This embodiment of the invention as described above can thus 
improve playback signal characteristics in the address areas or data areas in each 
data recording layer, and can significantly improve the quahty of playback signals 
firom the address areas and data areas of the optical disc. 

Embodiment 9 

A ninth embodiment of the present invention is described next below 
with reference to Fig. 14. 

Shown in Fig. 14 are optical disc 1401, semiconductor laser 1402, 
collimator lens 1403, beam i^litter 1404, convergent lens 1405, collective lens 1406, 
photodetector 1407, playback signal operating means 1408, focus controfler 1409, 
tracking controller 1410, actuator 1411, convergence detector 1412, laser drive imdt 
1413, and s^al processing unit 1415. 

The output of the convei^nce detector 1412 is obtained by a method 
used by the convergence detector in the second, third, or fotirth embodiment. 
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When the li^t spot is focused on the first layer or the focal point is 
undetermined, the convei^ence detector 1412 controls the tracking controller 1410 
to optimize the tracking position of the hght spot on the first layer. 

When the %ht spot is focused on the second layer, the convei^nce 
detector 1412 controls the tracking controller 1410 to optimize the tracking position 
of the light spot on the second layer. 

When the beam profile is seen in section as shown in Fig. 18, the 
tracking position refers to the location of the narrowest part of the beam (the beam 
waist) relative to the track in the direction crossing the track radially to the optical 
disc. After thus selecting the tracking position, the tracking position can be further 
tuned- The playback signal operating means 1408 outputs to the signal processing 
imit 1415, which in turn outputs the playback signal. The tracking position can be 
tuned by detecting jitter in the playback signal and then adjusting the tracking 
controller 1410 based on the detected jitter. Tuning could also be based on the byte 
error rate (BER), resolution, or asymmetry instead of jitter. 

The tracking position for each layer can be tuned by comparing the 
index (such as jitter, BER, resolution, asymmetry) of playback signal quality with a 
specific threshold value. 

Jitter is a time shift from the playback signal of the original signal, 
and if the recording conditions are equal, low jitter generally indicates that playback 
is more accurate. Therefore, if jitter is less than or equal to a specific threshold value, 
the best tracking position has been achieved. 

The BER indicates the error rate in the playback signal, and a low 
BER generally indicates accurate playback. Therefore, if the BER is less than or 
equal to a spedfi^c threshold value, the best tracking position has been achieved. 

Resolution is the ratio between the amphtude of the signal with the 
shortest or proportionately shortest time interval in the playback signal, and the 
amphtude of the i^gnal with the longest or proportionately longest time interval in 
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tihe playback signal, and if the recording conditions are equal, hi^ resolution 
generally radicates that playback is more accurate. Therefore, if resolution is 
greater than or equal to a specific threshold value, the best tracking position has 
been achieved. 

Asymmetry is a value indicative of the second harmonic component of 
the playback signal, and if the recording conditions are equal, lower asymmetty 
generally iadicates that playback is more accxirate. Therefore, if asjonmetry is less 
than or equal to a specific threshold value, the best tracking position has been 
achieved. 

It will also be obvious that while jitter, byte error rate, resolution, and 
asymmetry are used as indices of playback signal quaKty above, oilier indices may 
also be used, including signal amplitude, C/N, and the bit error rate. 

It should also be noted that dififerent tracking positions can be set for 
the data areas and address areas of the same data recording layer. 

This embodiment of the invention as descnbed above can thus 
improve playback signal characteristics in the address areas or data areas in each 
data recording layer, and can significantly improve the quaKty of playback signals 
from the address areas and data areas of the optical disc. 

Embodiment 10 

A tenth embodiment of the present invention is described next below 
with reference to Fig. 15. 

A ninth embodiment of the present invention is described next below 
with reference to Fig. 14. Shown in Fig, 15 are optical disc 1501, 

senuconductor laser 1502, cdDimator lens 1503, beam spHtter 1504, convei^nt lens 
1505, collective lens 1506, photodetector 1507, playback signal operating means 
1508, focus controller 1509, tracking controller 1510, actuator 1511, convergence 
detector 1512, laser drive xmit 1513, tilt controller 1515, and signal processing ^xaxt 



1516. 

The output of the convei^ence detector 1512 [1516, sic] is obtained by 
a method used by the convergence detector in the second, third, or foiirth 
embodiment. 

When the hght spot is focused on the first layer or the focal point is 
undetermined, the convei^ence detector 1512 controls the tilt controller 1515 to 
optimize the tilt position of the hght spot for the first layer. 

When the hght spot is focused on the second layer, the convergence 
detector 1512 controls the tilt controller 1515 to optimize the tilt position of the tight 
spot for the second layCT. 

The tilt position refers to the an^e between the optical axis of the 
laser beam and the data recording layer of the optical disc. After thus selecting the 
tilt position, the tilt position can be fiuther tuned. The playback signal operating 
means 1508 outputs to the signal processiag unit 1516, which ia turn outputs the 
playback s^al. The tracking position can be tuned by detecting jitter in the 
playback signal and tJien adjusting the tilt controller 1515 based on the detected 
jitter. Tuning could also be based on the byte error rate (BER), resolution, or 
asymmetry instead of jitter. 

There are two types of tilt: radial tilt (R tilt) and tangential tilt (T tilt). 
Radial tilt is tilt in the direction orthogonal to the track and radial to the disc. 
Tangential tilt is tilt in the direction parallel or tangential to the track. 

Radial tilt is fiirther described with reference to Pig. 19 in which are 
shown optical disc 1901, optical head 1902, and tilt stand 1903. There are two types 
of radial tilt: disc R tilt 1904 resulting fi:om disc waipii^ and fluctuations in the 
data surface due to disc rotation, and drive R tilt 1905. Drive R tilt 1905 results 
fifom optical head mounting error or biasing of the tilt stand causing the recording 
surface of the optical disc 1901 to be tilted relative to the optical axis of the hght 
beam. There is no practical need to differentiate between disc R tilt and drive R tilt. 
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and both are collectivdy referred to as R tilt. 

Tangential tilt (T tilt) is fiirther described with reference to Fig. 20 in 
which are shown optical disc 2001, optical head 2002, and tilt stand 2003. There are 
also two types of tangential tilt, disc T tit 2004 and drive T tilt 2005. Disc T tilt 
2004 results from disc rotation vibrations and error in the disc surface precision. 
Drive T tilt 2005 results from optical head mounting error or biasing of the tilt 
stand caiising the recording surface of the optical disc 2001 to be tilted relative to 
the optical axis of the light beam. There is no practical need to differentiate between 
disc T tilt and drive T tilt, and both are collectively referred to as T tilt. 

The R and T tilt positions for each layer can be tuned by comparing 
the index (such as jitter, BER, resolution, a^nmnetry) of playback signal quality 
with a specific threshold value. 

Jitter is a time shift fr'om the playback signal of the original signal, 
and if the recording conditions are equal, low jitter generally indicates that playback 
is more accurate. Therefore, if jitter is less than or equal to a spedfic threshold value, 
the best R and T tilt positions have been achieved. 

The BER indicates the error rate in the playback signal, and a low 
BER generally indicates accurate playback. Therefore, if the BER is less than or 
equal to a spedfic threshold value, the best R and T tilt positions have been 
achieved. 

Resolution is the ratio between the amplitude of the signal with the 
shortest or proportionately shortest tune iaterval in the playback signal, and the 
amphtude of the signal with the longest or proportionately longest time iaterval in 
the playback signal, and if the recording conditions are equal, high resolution 
generally indicates that playback is more accurate. Therefore, if resolution is 
greater than or equal to a specific threshold value, the best R and T tilt positions 
have been achieved. 

Asymmetry is a value indicative of the second harmonic component of 
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the playback signal, and if the recording condttions are equal, lower asymmetry 
generally indicates that playback is more accurate. Therefore, for determining 
whether or not the optimmn tracking position is obtaiaed, if asymmetry is less than 
or equal to a spedfic threshold value, it is so determined that the best R and T tilt 
positions have been achieved. 

It will also be obvious that while jitter, byte error rate, resolution, and 
asymmetry are used as indices of playback signal quality above, other indices may 
also be used, indudLag signal amphtude, C/N, and the bit error rate. 

This embodiment of the invention as described above can thus 
improve playback signal characteristics in the address areas or data areas in each 
data recording layer, and can significantly improve the quality of playback signals 
from the address areas and data areas of the optical disc. 

As will be known from the preceding descriptions of an optical disc, 
optical disc drive, and optical disc playback method according to the present 
invention, which of pliural data recording layers the light spot is focused on in an 
optical disc havit^ a plurality of data recording layers can be determined 
irrespective of whether the data area is recorded or blank. Playback signal quality 
in the address areas and data areas can therefore be improved in each of the plural 
data recording layers, and it is therefore possible to signifrcantly improve signal 
quaHty when reading from both the address areas and data areas of the optical disc. 

Embodiment 11 

The recording principle of a phase dxange optical disc is described 
next with reference to ELg. 23. 

A disc recorder for phase change media records and erases data by 
emitting a laser beam to a recording thin film cf the disc in order to heat the phase 
change material of the thin film and thereby effect a change in the crystalline phase 
of the film. The y-axis in Fig. 23 shows laser power, and the x-axis shows the time 



base or a location on the rotating disc. The semiconductor laser is primarily driven 
at a peak power 2302 level causing crystalline parts to diange to an amorphous 
state, or a bias power 2303 level causing amorphous parts to change to a crystaHine 
state. By emitting the semiconductor laser to the recording layer of the disc while 
modulating laser power between peak power 2302 and bias power 2303, an 
appropriate sequence of recording marks (amorphous parts) 2304 and spaces 2305 
(crystalline parts) between the marks 2304 is formed on the optical disc. As 
described above, reflectance differs in the recorded marks and spaces. This 
difference ia mark and space reflectance is detected from the li^t spot focused on 
the optical disc, and processed to read information. 

Heat interference between adjacent recording marks in conjunction 
with high density recording can cause recorded mark length to shift from the 
normal position in the recording signal. This problem is addressed by various 
adaptive recording compensation technologies, one of which is described with 
reference to Mg. 24. 

In Fig. 24 reference numeral 2401 shows a case in which the previous 
space is short, and reference numeral 2402 shows a case in whidi the previous 
space is long. K the previous space is short and data is recorded with a normal 
recording signal 2407, heat interference causes the leading e^e of the recorded 
mark to shift +S3 2403 from the normal mark edge position, resulting ixi a longer 
mark. To compensate for this the position of the first pulse in the recording pulse 
train is delayed -S3 2405 so that the mark is recorded to the normal position after 
recording compensation 2408. 

Similarly when the previous space is long and data is recorded with a 
normal recording signal 2407, heat interference causes the leading edge of the 
recorded mark to shift -S6 2404 from the normal mark edge position, resulting ia a 
shorter mark. To compensate for this the position of the first pulse in the recordir^ 
pulse train is advanced +S6 2406 so that the mark is recorded to the normal 
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position after recording compensation 2408. 

These recording compensation techniques thus suppress interference 
during playback between marks and spaces of different lengths, and make it 
possible to improve signal quality. 

Fig. 25 is an eye pattem of the recording signal when this recordbag 
compensation technique is used. It wfll be known from the figure that a dear eye is 
opened by applying this adaptive recording compensation technique. Land and 
groove recording technologies record marks and spaces to both the land and groove 
tracks of the guide grooves on the disc. 

Problems associated with the prior art technologies noted above are 
described below. Conventional double-sided optical recording media are designed to 
that recorded data is read and data is recorded to the disc by emitting laser beams 
to the disc from both above and below the disc. There is therefore Kttle space for 
piintiag a label identifying the recorded content (disc), and handling the discs is 
thus dtfllcult. Furthermore, if double-sided media is played in a drive with only one 
optical head, the disc must be removed from the drive, tumed over, and reloaded in 
order to play the other side, and continuous, uninterrupted playback of all recorded 
content is therefore not possible. To automate reading both sides of the disc it is 
necessary to provide two optical heads, one on each side of the disc. This increases 
disc player size and cost. 

The recording and playback characteristics of signals recorded to an 
optical disc having optical characteristics as shown in Fig, 3 are described next. Fig. 
26 is a graph of test measxurements taken with a sample optical disc produced with 
the optical characteristics shown in Fig. 3. Fig. 26 shows peak power used to change 
the phase change material fix)m crystalline to amorphous state on the x-axis, and 
the C/N ratio of the playback signal on the y-axis. 

A phase change recording film was formed on two 0.58 mm thick 
substrates, which were then bonded with a 0.04 mm thick adhesive layer 



therebetween to form the optical disc. Laser power was changed while recording to 
each recording layer to form recording marks. The recording marks were then 
reproduced, and the C/N ratio of the playback signal measured. The results are 
shown in 1%. 26. 

Curve 2601 shows tiie C/N ratio when data recorded to the first 
recording layer was reproduced. Curve 2602 shows the C/N ratio when data 
recorded to the second recording layer was reproduced. 

When recording data to disc, disc surface wobble and eccentricity, and 
external impact or vibration on tiie recorder, cause defocusing and tracking error, 
thus resulting in a degraded C/N ratio in the recording signal. Tilt, tiiat is, deviation 
in the angle between the disc and optical axis of the K^t beam, also degrades the 
C/N ratio of the recording signal. Disc warping is also affected by humidity and 
other environmental factors. The optical head is also affected by variations resulting 
firom the manufacturing process as well as aging. Considering C/N ratio 
degradation resvdting firam tiiese and other factors, 45 dB is the practical limit for 
the C/N ratio of the recording signal if data recorded to disc is to be recorded and 
reproduced rehably. 

The following conclusions can be drawn from Fig. 26. A C/N ratio of 
45 dB or more is achieved on the fiirst data recording layer at a peak power of 12 
mW or greater, and is achieved on the second data recording layer with a peak 
power of 13 mW or more. TMs shows that recording sensitivity is different on the 
first and second data recording layers. 

Fig. 26 also indicates that increasing the peak power should increase 
the C/N ratio for botii recording layers. 

However, increasing the peak powCT of tihe laser shortens the service 
life of the laser, increases power consumption, and increases accumulation of 
recording film damage in the recording film through repeated recording. It is 
tiierefore desirable to set tiie recording power as low as possible. 
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Therefore, to avdd these problems and assure good signal qualLty ia 
each recording layer, the peak power level of the recording laser must he set 
separately for the first recording layer and the second recording layer. 

Determining the peak power is described next. The peak power can 
be determined by recording a signal contairring a repeated sequence of the shortest 
marks and spaces ia the recordiag data, and measuring the C/N ratio of the 
recorded signal. 

For example, the peak power is set to the peak power achieving a C/N 
ratio of 50 dB in the recorded s^al. The desirable peak power achieving this C/N 
ratio is learned for both the first and second recording layers. 

Instead of using the C/N ratio, peak power could alternatively be set 
by measming jitter ia the recording signal. In this case the peak power is 
determined by measuring jitter ia a recorded signal containing a randomized 
pattern of marks and spaces. 

The peak power settings learned for each of the recordiag layers are 
then stored When data is actually recorded, the convei^ence detector determines 
whether data is beiag written to the first recording layer or second recording layer, 
and the laser is then driven at the peak power setting appropriate to the detected 
recording layer. The semiconductor laser can thus be driven at an output level 
strong enou^ to assure good signal quality. 

The present invention thus provides an optical disc drive that can 
record and reproduce optical recording media having two recordiag layers so that 
labels can be easily printed on the recording media, the recordiag media can be 
automatically recorded and reproduced using a sin^e optical head, and tiie 
recordii^ media maintains good compatibility with optical recordiag media having 
only one recording layer. 

It will be fiirther noted that this optical disc drive and optical 
recording mediiun are designed so that the second recordiag layer is recorded and 



read through the first recording layer. 

The amount of light reachiag the second layer differs when the first 
layer is recorded (thus contaimng a combiaation of crystalline spaces aind 
amorphous marks) and when the first layer is blank (only crystalline phase). If 
when recording the second layer, for example, the phase of the fixst layer directly 
below (that is, between the laser and second layer) where the second layer is 
recorded is blank (that is, only crystalline phase), the first layer transmittance is 
50% as shown in Fig. 3. However, if the iatervening first layer is partially or 
completely recorded, transmittance increases ia accordance with the area of the 
recorded tracks in the first layer through which the light spot passes to reach the 
second layer. 

This eleventh embodiment of the present invention is further 
described below with reference to Fig. 30. Fig. 30 shows the configuration of an 
optical disc 170 1 accordir^ to the present embodiment. 

Shown in Fig. 30 are the read-only area 3002 disposed to the inside 
drcimiference of the optical disc 3001, prepits 3004 preformed in the read-only area 
3002, and the prepit track pitch 3005. The recordable area 3003 is provided on the 
outside circumference side of the read-only area 3002. Inside the recordable area 
3003 are groove tracks 3005 and land tracks 3006, which are the tracks between 
the groove tracks. Reference numeral 3007 shows a mark formed in a groove track. 

Information indLcatnig which of the plural recordiag layers the I^t 
spot is focused on is modijQated and recorded to the prepits in the read-only area 
3002. Both the recordable area 3003 and read-only area 3002 are formed in each of 
the plural recording layers. 

As a resxdt, the convergence detector can identify whidi of the plural 
recording layers the light spot is focused on. 

Embodiment 12 



A twelfth embodiment of the present invention is described next 
below with reference to Fig. 27. 

Shown in Fig. 27 are optical disc 2701, semiconductor laser 2702, 
collimator lens 2703, beam spHtter 2704, convergent lens 2705, collective lens 2706, 
photodetector 2707, playback signal operating means 2708, focus controller 2709, 
tracking controller 2710, actuator 2711, convergence detector 2712, laser drive unit 
2713, recording controller 2715, and signal processing unit 2717. 

The output of the convergence detector 2712 is obtained by a method 
used by the convergence detector in the second, third, or foxurth embodiment. 

When the h^t spot is focused on the first layer or the focal point is 
undetermined, the convei^nce detector 2712 controls the recording controller 2715 
to set a recording compensation value optimized for the first layer. 

When the hght spot is focused on the second layer, the convei^ence 
detector 2712 controls the recording controller 2715 to set a recording compensation 
value optimized for the second layer, 

A method for setting an optimized recording compensation value is 
described next with reference to Fig, 28 and Fig. 29. In Fig. 29 reference numeral 
2901 shows a NRZI signal. Reference numeral 2902 shows the recording marks and 
spaces recorded for the NRZI signal 2901 before recording compensation. Note that 
the edges of the recording marks and spaces 2902 are cSset fipom the reference 
ecj^es of the NRZI signal due to the effects of heat interference. To eliminate this 
edge shifthig, the positions of the first pulse and last pidse in the recording piiLse 
train are adjusted according to the recording mark length, and the length of the 
spaces before and after the recording mark. 

Pig. 28 shows examples of recording compensation tables. First pulse 
position Tsft) 2801 indicates the position of the first pulse and is determined by the 
recording mark length and length of the preceding space. For example, if the 
recording mark length is 3T and the length of the previous space is 3T, Tsft) is "a." 



End pidse position Telp 2802 indicates the position of the last pnlse, and is 
deterrnined by the recording mark length and the length of the followiag space. For 
example, if the mark lengtii is 3T and the following space is 3T, Telp is "q." 

The values a to af in tiiese recording compensation tables are 
determined to achieve optimxmi recording signal gnaHty in each layer. 

The recording controller 2715 stores these recording compensation 
tables as lookup tables used to set the recording compensation value optimized for 
the recording layer identified by the convergence detector 2712. 

By thus setting the recording power and recording compensation 
tables optimized for each recording layer, this embodiment of the invention 
improves recording and playback signal characteristics in the writable data area, 
and significantly improves the reliability of an optical disc with plural data 
recording layers. 

This embodiment is further configured to read and write the second 
recording layer through the first recording layer. If when recording the second layer, 
for example, the phase of the first layer directly below (that is, between the laser 
and second layer) where the second layer is recorded is blank (that is, only 
crystalline phase), the first layer transmittance is 50% as shown in Fig. 3. However, 
if the intervening first layer is partially or completely recorded, transmittance 
increases in accordance with the area of the recorded tracks in the first layer 
throu^ which the h^t spot passes to reach the second layer. ^ 

As described above, an optical disc drive according to the present 
invention can identify which of plural recording layers on the optical disc the Hght 
spot is focused on irrespective of whether the data area is recorded or blank. Both 
recording and playback s^al quality can thus be improved in the data area of 
plural recording layers, and the rehabihty of an c^tical disc having plural recording 
layers can thus be significantiy improved. 



Emhodiment 13 

Fig. 31 is a graph showing the relationship between recording mark 
density in the first layer and Strehl ratio calculations ia the second layer using a 
wavelength of 660 nm and 0.6 NA. The x-axis ia Mg, 31 shows the recording mark 
density. A recording mark density of 0 indicates a blank (unrecorded) state. It will 
be known fix)m Kg. 31 that as the recording density of the first layer increases, the 
Strehl number decreases. When the Strehl number decreases, beam strength at the 
second layer drops proportionately to the Strehl ratio if the semiconductor laser 
emission power is the same, and it is therefore necessary to increase semiconductor 
laser emission power. 

It is therefore possible to improve playback signal quaKty from the 
optical disc by setting the peak power and bias power levels used to record to the 
second layer of the optical disc according to the mark density of the first layer. 

The configuration of a recording power learning area is described 
next with reference to Mg. 34. Mg. 34 shows the configuration of an optical disc with 
a first layer 3401 on the side to which the light spot is incident, and a second layer 
3402 on which the Hght spot is focused after passing through the first layer. The 
fiarst layer 3401 and second layer 3402 are concentrically bonded parallel to each 
other. 

Learning areas 3403 are disposed at both the inside and outside 
circumference parts of the first layer 3401, and learning areas 3404 are likewise 
disposed at the inside and outside circumference parts of the second layer 3402. 

User data recording areas 3405 and 3406 for writing user data are 
disposed to the first layer and second layer, respectively, between the inside and 
outside circumference areas. 

The learning areas of the first and second layers are located at 
substantially the same positions fi^m the disc center. Methods for determining the 
second layer recording power for each of the following three first layer states are 
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described next below. 

(1) first layer learmng area has a blank area 

(2) fiirst layer learning area is partiafly recorded 

(3) first layer learning area is completely recorded 

A method for determining the second layer recording power settings 
when (1) the entire learning area of the first layer is blank is desaibed first below 
with reference to the flow chart in Fig. 32. 

If the first layer learning area is blank or it is known that there is a 
blank area in the first layer learning area, the optical head seeks the blank learning 
area. 

The fight spot is then focused and tracked on the second layer 
through the blank learning area of the first layer. The second layer recording power 
levels are thus learned after first confirming that the first layer is blank There are 
various ways of determining the recordbig power, one of which is the 3T mark and 
space method described above in the twelfth embodiment. 

The recording power levds learned for recording to the second layer 
when the first layer is blank are then stored in memory where the peak power in a 
land track is PplO, bias power in a land track is PblO, peak power in a groove track 
is PpgO, and bias power in a groove track is PbgO. It should be noted that while the 
recording power is learned and stored for the peak power and bias power in this 
example, other power levels can obviously be learned and stored 

Next, the h^t spot is focused and tracked to the learning area of the 
first layer. Diunmy data is recorded to a spedfic part of the first layer learning area 
in order to convert it fix)m a blank to a recorded state. Next, the light spot is focused 
and tracked to the second layer in the area where this dummy data was recorded. 
The recording power levds for the second layer are thus learned after confirming 
that the first layer has been recorded 

The recording power levels learned for recording to the second layer 
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when the first layer is not blank are then stored in memory where the peak power 
in a land track is PpU, bias power in a land track is Pbll, peak power in a groove 
track is Ppgl, and bias power in a groove track is Pbgl. It should be noted that 
while the recording power is learned and stored for the peak power and bias power 
5 in this example, other power levels can obviously be leamed and stored. 

A method for determining the second layer recording power settings 
when (2) the first layer learning area is partiaDy recorded is described next below 
with reference to the flow chart in F^. 32. 

If part of the fiist layer learning area is already recorded, the optical 
10 head seeks the first layer learning area and the li^t spot is then focused and 
tracked on the fbfst layer. 

After confirming that the h^t spot is focused on the learning area in 
! the first layer, data in a ^edfic part of the first layer learning area is erased so that 

^ it is again blank (has no data recorded thereto). The light spot is then focused and 

f y 15 tracked on the second layer through this blank learning area of the first layer. The 
|y second layer recording power levds are thus leamed after first confirming that the 

first layer is blank. There are various ways of deterniining the recording power, one 
of which is the 3T mark and space method described above. 

The recording power levds leamed for recording to the second layer 
20 whenthefirstlayerisblankarethenstoredinmemory where the peak power in a 
land track is PplO, bias power in a land track is PblO, peak power in a groove tmck 
isPpgO, and bias power in a groove track is PbgO,. It should be noted that \\Mle the 
recording power is leamed and stored for the peak power and bias power in this 
example, other power levels can obviously also be leamed and stored. 
2 5 Next, the light spot is focused and tracked to the learning area of the 

first layer. Dummy data is recorded to a specific part of the first layer learning area 
in order to convert it fcom a blank to a recorded state. Next, the light spot is focused 
and tracked to the second layer in the area where this dummy data was recorded. 



The recording power levels for the second layer are thus learned after confirming 
that the first layer has been recorded. 

The recording power levels learned for recording to the second layer 
when the first layer is not blank are then stored in memory where the peak power 
in a land track is PpU, bias power in a land track is Pbll, peak power in a groove 
track is Ppgl, and bias power in a groove track is Pbgl. It should be noted that 
while the recording power is learned and stored for the peak power and bias power 
in this example, other power levels can obviously be learned and stored 

A method for determining the second layer recording power settings 
when (3) all of the first layer learning area has been recorded is described next 
below with reference to the flow chart in Fig. 32. 

If all of the first layer learning area is already recorded, the optical 
head seeks the first layer learning area and the l^t spot is then focused and 
tracked on the first layer. 

After conficoning that the li^t spot is focused on the learning area in 
the first layer, data in a specific part of the first layer learning area is erased so that 
it is again blank (has no data recorded thereto). The light spot is then focused and 
tracked on the second layer through this blank learning area of the first layer. The 
second layer recording power levels are thus learned after first confirming that the 
first layer is blank. There are various ways of determining the recording power, one 
of which is the 3T mark and space method described above. 

The recording power levels learned for recording to the second layer 
when the first layer is blank are then stored in memory where the peak power in a 
land track is PplO, bias power in a land track is PblO, peak power in a groove track 
is PpgO, and bias power in a groove track is PbgO. It should be noted fliat while the 
recording power is learned and stored for the peak power and bias power in this 
example, other power levels can obviously also be learned and stored. 

Next, the h^t spot is focused and tracked to the learning area of the 
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first layer. When it is known that a particular part of tihe first layer learning area is 
not blank, the optical head directly seeks that recorded area. Next, the li^t spot is 
focused and tracked to the second layer through the recorded part of the first layer 
learning area The recordmg power levels for the second layer are thus learned after 
confirming that the first layer has already been recorded. 

The recording power levels learned for recording to the second layer 
when the first layer is not blank are then stored in memory where the peak power 
in a land track is PpU, bias power in a land track is Pbll, peak power in a groove 
track is Ppgl, and bias power in a groove track is Pbgl. It should be noted that 
while the recording power is learned and stored for the peak power and bias power 
in this example, other power levels caa obviously be learned and stored. 

Methods (1), (2) and (3) above detect the initial state of the first layer 
learning area, but this initial state detection step can be eliniinated to simplify the 
system. In this case the recording power levels for the secx)nd layer are determined 
using the above method (2) based on the assumption that part of the first layer 
learning area is not blank. 

Recording to the user data area in the second layer is described next. 
K the part of the first layer the light spot passes through in order to record to the 
user data area of the second layer is largely blank, the recording power can be set to 
peak power PplO and bias power PblO [PbO, sic] in the land tracks, and to peak 
power PpgO and bias power PbgO |PbO, sic] in the groove tracks. 

If the part of the first layer the light spot passes throu^ in order to 
record to the user data area of the second layer is largely recorded, the recording 
power can be set to peak power Ppll and bias power Pbll in the land tracks, and to 
peak power Ppgl and bias power Pbgl in the groove tracks. 

If the part of the first layer the li^t spot passes Ihrou^ in order to 
record to the user data area of the second layer contains a mixture of recorded and 
blank areas, or if the recording mark density is between blank and recorded states. 
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the recording power can be set to peak power PplO or PpU and bias power PblO or 
Pbll in the land tracks, and to peak power PpgO or Ppgl and bias power PbgO or 
Pbgl in the groove tracks. 

Altemativdy, if the part of the first layer the light spot passes 
Ihrough in order to record to the user data area of the second layer contains a 
mixture of recorded and blank areas, or if the recording mark density is between 
blank and recorded states, the recording power can be set to an extrapolated peak 
power Ppl2 between PplO and PpU and extrapolated bias power Pbl2 between PblO 
and Pbll in the land tracks, and to extrapolated peak power Ppg2 between PpgO 
and Ppgl and extrapolated bias power Pbg2 between PbgO and Pbgl in the groove 
tracks. 

These power levels can be extrapolated by simply obtaining the 
averages as shown below. 
(Ppl0+Ppll)/2 
(Pbl0+Pbll)/2 
(Ppg0+Ppgl)/2 
(Pbg0+Pbgl)/2 

Alternatively, the learned power levels can be wei^ted and then 
added to obtain the extrapolated levels as shown below. 
Ppl0*yl + Ppll*y2 

where yl and y2 are real numbers such that yl + y2 = 1, and are detemnned 
according to the recording mark density of the first layer throu^ which the Kght 
spot passes. 

It should be noted that while the land track peak power is considered 
here, the same operation can be applied to the land track bias power and the groove 
track peak power and bias power levels. 

By setting the recording power levels for the second layer according to 
the recording mark density in the first layer throu^ which the light spot passes 
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when recording to the second layer, recording and playback signal quality can be 
improved in the data areas of plural data recording layers, and the rehability of an 
optical disc having plural data recording layers can be significantly improved. 

Fig. 31 is a gr^h showing the relationship between recording mark 
density in the first layer and Strehl ratio calculations in the second layer tising a 
wavelength of 660 nm and 0,6 NA The x-axis in Fig. 31 shows the recording mark 
density. A recording mark density cf 0 indicates a blank (unrecorded) state. It will 
be known from Fig. 31 that as the recording density of the first layer increases^ the 
Strehl number decreases. When the Strehl number decreases, beam strength at the 
second layer drops proportionately to the Strehl ratio if the semiconductor laser 
emission power is the same, and it is therefore necessary to increase semiconductor 
laser emission power. Because semiconductor laser emission power dififers, playback 
signal quahty ficom the optical disc can be improved by determining the recording 
compensation tables for recording to the second layer of the disc according to the 
mark denaty of the fbcst layer. 

Methods for determining the second layer recording power for each of 
the following three first layer states are described next below. 

(1) first layer learning area has a blank area 

(2) first layer learning area is partially recorded 

(3) first layer learning area is completely recorded 

A method for detennining the second layer recording compensation 
tables when (1) the entire learning area of the first layer is blank is described first 
below with reference to the flow chart ia Pig. 33. 

If the first layer learning area is blank or it is known that there is a 
blank area in the first layer learning area, the optical head seeks the blank learning 
area. 

The Hght spot is then focused and tracked on the second layer 
through the blank learning area of the first layer. The second layer recording 
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compensation table is thus learned after first confirming that the first layer is blank. 
There are various ways of determining the recording compensation table, one of 
whidi is the nunimum jitter method. 

The recording compensation tables learned for recording to the 
second layer when the first layer is blank are then stored in memory as land track 
recording compensation table TIO and groove track recording compensation table 
TgO, The recording compensation tables referred to here and below are the values a 
to af in the recording compensation tables described above, and tables TIO and TgO 
are the respective collections of the values a to a£ 

While the recording compensation tables define four recording 
compensation levels, the invention shall not be so limited and a different number of 
compensation levels can be used 

Next, the light spot is focused and tracked to the learning area of the 
fiirst layer. Dvimmy data is recorded to a spedfic part of the first layer learning area 
in order to convert it &om a blank to a recorded state. Next, the light spot is focused 
and tracked to the second layer in the area where this dummy data was recorded. 
After thus conftrraing that the first layer has been recorded, the recording 
compensation tables for the second layer are learned. The results are then stored in 
memory as land track recording compensation table Til and groove track recording 
compensation table Tgl. 

A method for determining the second layer recording compensation 
tables when (2) the first layer learning area is partially recorded is described next 
below with reference to the flow diart in Fig. 33. 

If part of the first layer learning area is already recorded, the optical 
head seeks the first layer leamii^ area and the light spot is then focused and 
tracked on the first layer. 

After confirming that the li^t spot is focused oa the learning area in 
the first layer, data in a specific part of the first layer learning area is erased so that 
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it is again blank (has no data recorded thereto). The light spot is then focused and 
tracked on the second layer through this blank learning area of the first layer. The 
second layer recordiag compensation table is thiis learned after first confirming that 
the first layer is blank. There are various ways of determining the recording 
compensation tables [power, sic], one of which is the minimum jitter method. 

The recording compensation tables learned for recording to the 
second layer when the first layer is blank are then stored ia memory as land track 
recording compeasation table TlO and gicoove track recording compensation table 
TgO. 

Next, the light spot is focused and tracked to the learning area of the 
first layer. Dummy data is recorded to a specific part of the first layer learning area 
in order to convert it ficom a blank to a recorded state. Next, the light spot is focused 
and tracked to the second layer in the area where this dummy data was recorded. 
After thus confirming that the first layer has been recorded^ the recording 
compensation tables for the second layer are learned. The results are then stored in 
memory as land track recording compensation table Til and groove track recording 
compensation table Tgl. 

A method for determining the second layer recording compensation 
tables when (3) the first layer learning area is completely recorded is described next 
below with reference to the flow chart in Pig. 33. 

If all of the first layer learning area is already recorded, the (^tioal 
head seeks the first layer learning area and the light spot is then focused and 
tracked on the first layer. 

After confirming that the Kght spot is focused on the learning area in 
the first layer, data in a specific part of the first layer learning area is erased so that 
it is again blank (has no data recorded thereto). The light spot is then focused and 
tracked on the second layer throu^ this blank learning area of the first layer. The 
second layer recording compensation tables are then learned after first confirming 
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that the first layer is blank. There are various ways of determijoiag the recording 
compensatioii tables, one of which is the minimum jitter method. 

The recording compensation tables learned for recording to thfe 
second layer when the first layer is blank are then stored in memory as land track 
recording compensation table TIO and groove track recording compensation table 
TgO. 

Next, the hght spot is focused and tracked to the learning area of the 
first layer. When it is known that a particular part of the first layer learaing area is 
not blank, the optical head directly seeks that recorded area. Next, the light spot is 
focused and tracked to the second layer through the recorded part of the first layer 
learning area. Afl:er thus confirming that the first layer is not blank, the second 
layer recordiug compensation tables are learned. The results are then stored in 
memory as land track recording compensation table Hi and groove track recordiag 
compensation table Tgl. 

Methods (1), (2) and (3) above detect the initial state of the first layer 
learning area, but this initial state detection step can be eliminated to sttnplify the 
system. In this case the recordiag compensation tables for the second layer are 
determined using the above method (2) based on the assumption that part of the 
first layer learning area is not blank. 

Recordiag to the user data area in the second layer is described next. 
If the part of the first layer the l^t spot passes throu^ in order to record to ihe 
user data area of the second layer is largely blank, land track recordiag 
compensation table TIO and groove track recordiag compeasation table TgO are 
used. 

If the part of the first layer the light spot passes through in order to 
record to the user data area of the second layer is largely recorded, land track 
recording compensation table Til and groove track recordiag compensation table 
Tgl are used. 



If the part of the first layer the h^t spot passes through in order to 
record to the user data area of the second layer contains a noixture of recorded and 
blank areas, or if the recording mark density is between blank and recorded states, 
either land track recording compensation table HO or Til, and either groove track 
recording compensation table TgO or Tgl, are used. 

Alternatively, if the part of the first layer the Kght spot passes 
through in order to record to the user data area of the second layer contains a 
mixture of recorded and blank areas, or if the recording mark density is between 
blank and recorded states, an extrapolated table TI2 between land track recording 
compensation table TlO and Til, and an extrapolated table Tg2 between groove 
track recording compensation table TgO and Tgl, can be used. 

Table extrapolation is described next with reference to Fig. 36. In Fig, 
36 reference numeral 3605 shows exemplary land track recording compensation 
tables TlO learned when the first layer is blank, and reference mmaeral 3606 shows 
exemplary land track recording compensation tables Til learned when the first 
layer is recorded (not blank). 

The tables shown in block 3605 in Fig. 36 define the 36 values firom 
Al to Afl corresponding to various mark and space combinations at the first pulse 
in the pulse train. The tables shown in block 3606 define the 36 values firom A2 to 
AE corresponding to various mark and space combinations at the last pulse in the 
pulsetrain. 

The tables define compensation values for he same mark and space 
combinations. For example, Al and A2 define compensation values for a 3T space 
and 3T mark combination but for dffierent first layer conditions. 

Extrapolated tables can be calculated by obtaining the average of the 
values at the same mark and space combination positions in the tables as shown 
below. 

(Al+A2)/2 
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(Bl+B2)/2 
(Afl+Ae)/2 

Altemativdy, the tables can be extrapolated by weighting and then 
adding the values as shown below. 

Al*zl + A2*z2 
Bl*zl + B2*z2 

Afl*zl + Af2*z2 

where zl and z2 are real numbers such that zl + z2 = 1, and are determined 
according to the recording mark density of the first layer through which the light 
spot passes. 

It should be noted tiiat while the land track compensation tables HO 
and Hi are considered here, the same operation can be applied to the groove track 
tables. 

By setting recording compensation tables for the second layer 
according to the recording mark density in the first layer through which the light 
spot passes when recotdicig to the second layer, recording and playback signal 
quaHly can be improved in the data areas of plviral data recording layers, and the 
reliability of an optical disc having plural data recording layers can be sigMficantLy 
improved 

ErobodimCTt 14 

A fourteenth embodiment of the present invention is described next 
with reference to Fig. 35, which shows the configuration of an optical disc in the 
present embodiment 

The cptical disc shown in Pig. 35 has a first layer substrate 3501, first 
layer xiser data recording area 3502, first layer learning areas 3503, recording- 
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prohibited areas 3504 disposed in the first layer learning area 3503, and read-only 
area 3505 provided on the inside ciccmnference side of the first layer learning area 
at tihe inside circumference of the disc. 

The recording-prohibited areas 3504 are described next. When 
recording to the second layer, the recording power or recording compensation table 
optimized for the second layer differs according to the recording mark density in the 
first layer throu^ which the fight spot passes in order to record to the second layer. 
It is therefore necessary to learn the recording power levels or recording 
compensation tables that are best for a particular recording mark density. 

Providing recording-prohibited areas 3504 as shown in Pig. 35 
enables the optimiun settings for a blank first layer to be learned more quickly 
when recording the second layer. If a recording-prohibited area 3504 is not provided, 
it is necessary as described above to determine whether 

(1) the first layer learning area has a blank area, 

(2) the first layer learning area is partially recorded, or 

(3) the first layer learning area is completely recorded. 

If, however, it is known that there is a blank area in the first layer, 
learning can follow the blank area conditions in the flow chart shown in Fig. 32. It is 
therefore not necessary to erase an area in the first layer in order to create a blank 
area, and the leairiing titne is shortened accordingly. 

Embodiment 15 

A fifteenth embodiment of the present invention is described next 
with reference to Fig. 35, which shows the configuration of an optical disc in the 
present embodiment. 

Information identifying the type of optical disc is preprinted in the 
read-only area 3505 in the formed of modulated prepits. The locations of the first 
and last radial positions of the recording-prohibited areas 3504 are also recorded in 
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the read-only area 3505. Alternatively, the start and end addresses of the recording- 
prohibited areas 3504 are recorded. 

The disc drive can therefore know by readiag the read-only area 3585 
that there is an area on the disc that cannot be recorded to, andean know that the 
first layer is blank when the li^t spot passes throng the recordiQg-prohibited area 
3504 of the first layer when leamiag the recording power or recording compensation 
tables in the learning area of the second layer. 

It is therefore possible to omit the steps for erasing data in the first 
layer in order to confirm a blank area in the first layer when learning the recording 
power or recording compensation tables for the second layer, and the learning time 
can be shortened accordin^y: 

By thus setting recording power levels or recording compensation 
tables optimized for each recording layer, recording and playback signal 
characteristics can be improved in the data areas of plmral data recording layers, 
and the rehability of an optical disc having plural data recording layers can be 
significantly improved. 

An optical disc, optical disc drive, and optical disc playback method 
according to the present invention can thus identify which of plural data recording 
layers the light spot is focused on whether or not data is recorded to a data area of 
an optical disc having plural data recording layers. The rehability of an optical disc 
having plural data recording layers can therefore be sigmficantly improved. 

Although the present invention has been described in connection with 
the preferred embodiments thereof with reference to the accompanying drawings, it 
is to be noted tiiat various changes and modi&cations will be apparent to those 
skiQed in the art. Such changes and modi&cations are to be understood as included 
within the scope of the present invention as defined by the appended daims, unless 
they depart there&om. 
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CLAIMS 

1. An optical disc having preformed identification signals indicating 
disc positions and a pltirality of data layers for recording data signals nsii^ a local 
change in an optical constant or physical sh^e effected by Hght beam emission to 
recording tracks where both spiral or concentric groove tracks and land tracks 
between the groove tracks formed on each data layer are recording tracks, wherein: 

the identification signals consist of peak and valley prepits of different 
optical depth or hei^t on the plural data layers. 

2. An optical disc drive comprisiag: 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor laser; 

a conveigtng means for convei^ing a li^t beam on the optical disc> 
the light beam being U^t output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controULag a focal position of the 
convergence point of the h^t beam converged by the convei^ence means on the 
optical disc; 

a tracking control means for positioning the convergence point of the 
li^t beam converged by the oonvei^nce means on a track of the optical disc; 

a photodetection means for detecting reflection of the converged Kght 
beam firom the optical disc; and 

a convei^ence detection means for detecting conveigence of the h^t 
beam emitted to the pliiral data layers of the <ytical disc; 

wherein the optical disc drive controls the laser drive means based on 
output firom the convergence detection means, and sets li^t beam emission power 
when reading the disc separately for the plural data layers of the optical disc. 



61 

3. An optical disc drive comprismg: 

an q^tical disc having plural data layers; ^ 

a laser drive means for driving a semiconductor laser; 

a converging means for converging a H^t beam on the optical disc, 

the hght beam being light output from the semiconductor laser driven by the laser 

drive means; 

a focus control means for controlling a focal position of the 
convergence point of the l^t beam converged by the convergence means on the 
optical disc; 

a tracking control means for positioning the convergence point of the 
hght beam converged by the convergence means on a ti ack of the optical disc; 

a photodetedion means for detecting reflection of the convolved hght 
beam from the optical disc; 

a gain control means for controlling changing the gain of output from 
the photodetection means; and 

a convergence detection means for detecting convergence of the hght 
beam emitted to the plural data layers of the optical disc; 

whereia the optical disc drive controls the gain control means based 
on output fi^m the convei^ence detection means, and sets the output vdtage of the 
photodetection means when readii:^ the disc separately for the plural data layers of 
the optical disc. 

4. An optical disc drive comprising: 

an qptical disc having plural data layers; 
a laser drive means for driving a semiconductor laser; 
a converging means for converging a h^t beam on the optical disc, 
the hght beam being h^t output from the semiconductor laser driven by the laser 
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drive means; 

a focus control means for controLing a focal position of the 
convergence point of the li^t beam converged by flie coavei^nce means on«the 
optical disc; 

a tracking contrd means for positioning the convergence point of the 
K^t beam convei^ by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of the converged light 
beam from the optical disc; 

an equalization contird means for contralling the equalization 
characteristics of photodetection means output; and 

a convergence detection means for detecting convergence of the light 
beam emitted to the plural data layers of the optical disc; 

wherein the optical disc drive sets the equalizatioa characteristics for 
each of the plural data layers based on output from the convergence detection 



means. 



^' -An optical disc drive comprisiag: 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor lase^ 

a converging means for converging a light beam on the optical disc, 

the light beam bemg light output from the semiconductor laser driven by the laser 

drive means; 

a focus conta^l means for cantix)l]ing a focal position of the 
convergence pdnt of tiie H^t beam converged by the convei^nce means on the 
optical disc; 

a ta-acking conti^l means for positioning the convergence point of the 
li^t beam converged by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of the converged H^t 
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beam from the optical disc; and 

a converg^ce detection means fox detecting convei^ence of the ligjit 
beam emitted to the plural data layers of the optical disc; 

wherein the optical disc ddve sets the focal position for each of the 
plural data layers based on output from the convergence detection means. 

6, An optical disc drive comprising: 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor laser; 

a convCTgiag means for converging a K^t beam on the optical disc, 
the light beam beiag light output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controDing a focal position of the 
convergence point of the K^t beam converged by the convei^ence means on the 
optical disc; 

a tracking control means for positioning the convergence point of the 
Hght beam convei^ed by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of the convei^ed Hght 
beam from the optical disc; and 

a convergence detection means for detecting convergence of the b^t 
beam emitted to the plural data layers of the optical disc; 

wherein the optical disc drive sets the tracking position for each of the 
plural data layers based on output from the convergence detection means. 

7. An optical disc drive comprising: 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor laser; 

a converging means for converging a H^t beam on the optical disc, 
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the l^t beam being light output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controlling a focal position of the 
convergence point of the li^t beam converged by the convergence means on liie 
optical 6dsc; 

a traddng control means for positionir^ the convei^ence point of the 
H^t beam converged by the convergence means on a track of the optical disc; 

a tilt contrd means for controlling tilt of the convergence point of the 
li^t beam converged by the converging means at the optical disc surface; 

a photodetection means for detecting reja.ection of the converged light 
beam from the optical disc; and 

a convergence detection means for detecting convergence of the H^t 
beam emitted to the plural data layers of the qptical disc; 

wherein the tilt position is set for each of the plural data layers based 
on output from the convei^ence detection means. 

^- An optical disc drive as described in any of claims 2 to 7, wherein the 

detection value output by the convergaice detection means is the result of the 
photodetection means detecting peak and valley prepits preformed to plural 
locations in one revdution of continuous tracks on the optical disc. 

^- ^ optical disc drive as described in any of claims 2 to 7, wherein the 

detection value output by the convergence detection means is the result of the 
photodetection means detecting guide grooves preformed on the optical disc. 

10. An optical disc drive as described in any of claims 2 to 7, wherein the 

detection value output by the convergence detection means is the result of the 
photodetection means detecting a recording signal written to a data area of the 
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optical disc. 

11- Aq optical disc playback melliodcompidsiQg: 

an optical disc having plural data layers; 

a laser drive step for driving a semiconductor laser; 

a convei^g step for convei^g a light beam on the optical disc, the 
h^t beam being hght output from the semiconductor laser driven by the laser drive 
step; 

a focus contrd step for controlling a fijcal position of the convei^ence 
point of the Hght beam converged by the convei^ence step on the optical disc; 

a tracking control step for positioning the convergence point of the 
hght beam converged by the convergence step on a track of the optical disc; 

a photodetection step for detecting reflection of the convolved hght 
beam from the optical disc; and 

a convergence detection step for detecting convei^ence of the hght 
beam emitted to the plural data layers of the optical disc; 

wherein the laser drive step is controlled according to output from the 
convergence detection step, and hght beam emission power when reading the disc is 
set separately for the plural data layers of the optical disc. 

12. An optical disc playback method comprising: 

an optical disc having plinral data layers; 

a laser drive step for driving a semiconductor laser; 

a converging step for converging a light beam on the optical disc, the 
h^t beam being li^t output from the semiconductor laser driven by the laser drive 
step; 

a focus control step for controlling a focal poation of the convergence 
point of the hght beam converged by the convergence step on the optical disc; 



66 



a tracking control step for positioning the convergence point of the 
light beam convei^ed by the convergence step on a track of the optical disc; 

a photodetection step for detecting reflection of the converged light 
beam from the optical disc; 

a gain control step for controDii^ chan^g the gain of output from 
the photodetection step; and 

a convergence detection step for detecting convergence of the light 
beam emitted to the plural data layers of the optical disc; 

wherein the gain control step is controlled according to output from 
the convei^ence detection step, and the output voltage of the photodetection step 
when reading the disc is set separately for the plural data layers of the optical disc. 

13. Aa optical disc playback method comprising: 

an optical disc having plural data layers; 

a laser drive step for driving a semiconductor laser; 

a converging step for converging a light beam on the optical disc, the 
hght beam being Hght output from the semiconductor laser driven by the laser drive 
step; 

a focus control step for controlling a focal position of the convergence 
point of the li^t beam converged by the convergence step on the optical disc; 

a tracking control step for positioning the convergence point of the 
hght beam convei^ed by the convergence step on a track of the optical disc; 

a photodetection step for detecting reflection of the converged hght 
beam from the optical disc; 

an equalization control step for controlling the equalization 
characteristics of photodetection step output; and 

a convei^ence detection step for detecting convei^ence of the h^t 
beam emitted to the pliural data layers of the optical disc; 
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wherein the equalization characteristics are set for each of the plural 
data layers based on output from the convergence detection step. 

14. An optical disc playback method comprising: 
an optical disc having plural data layers; 

a laser drive step for driving a semiconductor laser; 

a converging step for convei^g a Hght beam on the optical disc, the 
Hght beam being light output from the semiconductor laser driven by the laser drive 
step; 

a focus contrd step for controlling a focal position of the convei^ence 
point of the %ht beam converged by the convergence step on the optical disc; 

a tracking control step for positioning the convergence poiat of the 
Kght beam converged by the convei^nce step on a track of the optical disc; 

a photodetection step for detecting reflection of the convei^d %ht 
beam from the optical disc; and 

a convergence detection step for detecting convei^ence of the H^t 
beam emitted to the plui-al data layers of the optical disc; 

wherein the focal position is set for each of the plinral data layers 
based on output from the convergence detection step. 

15. An optical disc playback method comprising: 
an optical disc having plural data layers; 

a laser drive step for driving a semiconductor laser; 

a convei^g step for converging a K^t beam on the optical disc, the 
light beam being K^t output from the semiconductor laser driven by the laser drive 
step; 

a focus control step for controlling a focal position of the convergence 
point of the hght beam converged by the convergence step on the optical disc; 
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a tracking control step for positioning the convergence point of the 
light beam converged by the convergence step on a track of the optical disc; 

a photodetection step for detecting reflection of the converged light 
beam firom the optical disc; and 

a convei^ence detection step for detecting convei^nce of the light 
beam emitted to the plural data layers of the optical disc; 

wherein the tracking position is set for each of the plural data layers 
based on output ficom the convei^ence detection step. 

16. An optical disc playback method comprising: 

an optical disc having plural data layers; 

a laser drive step for driving a semiconductor laser; 

a converging step for convei^ing a light beam on the optical disc, the 
light beam being li^t output fix)m the semiconductor laser driven by the laser drive 
step; 

a focus control step for controlling a focal position of the convergence 
point of the light beam converged by the convergence step on the optical disc; 

a tracking control step for positioning the convergence point of the 
light beam convei^d by the convergence step on a track of the optical disc; 

a tilt control step for controlling tilt of the convea^eace point of the 
h^t beam converged by the convergiag step at the optical disc sinface; 

a photodetection step for detecting reflection of the converged Hght 

beam jGcom the optical disc; and 

a convergence detection step for detecting convergence of the h^t 
beam emitted to the plural data layers of the optical disc; 

wherein the tilt position is set for each of the plural data layers based 
on output from the convei^ence detection step . 
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17. An optical disc playback method as described in any of claims 11 to 16, 
wherein the detection value output by the convei^ence detection step is the result of 
the photodetection step detecting peak and valley prepits preformed to plural 
locations in one revolution of continuoiis tracks on tiie optical disc. 

5 

18. An optical disc playback method as described in any of daims 11 to 16, 
wherein the detection value output by the convei^ence detection step is the result of 

1^ the photodetection step detecting guide grooves preformed on the optical disc. 

II ■ , ■ 

It 1 0 19- An optical disc playback method as described in any of daims 11 to 16, 

W ■ . 

ly wherein the detection value output by the convei^ence detection step is the result of 

m 

|ij the photodetection step detecting a recording signal written to a data area of the 

optical disc. 

f ■ ■ • ■ ■ 

II 20. An optical disc as described in daim 1, wherein optical reflectance 

III and transmittance of iJie plural data layers in conjunction with Hght beam emission 
are different on the plural data layers. 

21. An optical disc in any of daims 1 to 20, comprising preformed peak 
2 0 and valley prepits plurally disposed to one revolution of a continuous spiral track, 

and recording areas in both preformed groove tracks (guide grooves) and land 
tracks between the groove tracks. 

22. An optical disc drive comprising: 

2S an optical disc having plural data layers; 

a laser drive means for dri.ving a semiconductor laser; 
a convergmg means for converging a light beam on the optical disc, 
the hght beam being hght output from the semiconductor laser driven by the laser 



drive means; 

a focus control means for controlling a focal position of the 
convergence point of the light beam converged by the convei^ence means on the 
optical disc; 

a tracking control means for positiomng the convergence point of the 
li^t beam converged by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of the light beam from 
the optical disc; and 

a convergence detection means for detecting convergence of the li^t 

beam; 

wherein the optical disc drive controls the laser drive means based on 
output from the convergence detection means, and sets Hght beam emission power 
when recording the disc separately for the plwal data layers of the optical disc. 

23. An optical disc drive comprising: 

an optical disc having plural data layers; 

a laser drive means for drivir^ a semiconductor laser; 

a converging means for converging a li^t beam on the optical disc, 
the Hght beam bang hght output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controlling a focal position of the 
convei^ence point of the fight beam converged by the convergence means on the 
optical disc; 

a tracking control means for positioning the convergence point of the 
h^t beam converged by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of the fi^t beam from 
the optical disc; and 

a convergence detection means for detecting convergence cf the K^t 



beam; 

wherein the optical disc drive controls the laser drive means based on 
output from the convergence detection means, and sets the recording waveform 
separately for the plural data layers of the optical disc. 

24. An optical disc drive as described in daim 22 or 23 characterized by 
recording and reproducing an optical disc comprising a first substrate having a first 
data layer; 

a transparent reflection layer formed on the first data layer of the 
first substrate; 

a second substrate having a second data layer to which is disposed a 
recordable fibn for recording and reproducing information; and 

an adhesive layer for bonding the first substrate and second substrate 
with the first data layer and second data layer facing each other; 

configured so that information recorded to the first data layer 
and second data layer is read through the first substrate. 

25. An optical disc drive as described in daim 22 or 23, wherein the 
detection value output by the convei^nce detection means is the result of the 
photodetection means detecting a prewritten signal itom a read-only area of the 
optical disc, 

26. An optical disc drive as described in daim 22 or 23, wherein the 
detection value output by the convergence detection means is the result of the 
photodetection means detecting peak and valley prepits preformed to plural 
locations in one revdution of continuous tracks on the optical disc. 



27. 



An optical disc drive as described in daitn 22 or 23, wherein the 
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detection value output by the convergence detection means is the result of the 
photodetection means detecting guide grooves preformed on the optical disc. 

28. An optical disc drive as described in daim 22 or 23, wherein the 
detection value output by the convergence detection means is the result of the 
photodetection means detecting a recording signal written to a data area of the 
optical disc. 

29. An optical disc drive comprising. 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor laser; 

a converging means for convergiag a H^t beam on the optical disc, 
the Hght beam being light output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controlling a focal position of the 
convei^ence point of the h^t beam convei^ed by the convei^ence means on the 
optical disc; 

a tracking control means for positioning the convei^ence point of the 
h^t beam converged by the convergence means on a track of the optical disc; 

a photodetection means for detecting reflection of tihe light beam from 
the optical disc; and 

a convergence detection means for detecting convergence thel^t 

beam; 

wherein the optical disc drive controls the laser drive means based on 
output from the convergence detection means, and when recording to any of the 
plural data layers other than flie first data layer sets lii^t beam emission power for 
recordii^ separately for each recording layer based on recording mark densily in 
the first data layer where the Hght spot passes. 
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30. An optical disc drive comprising: 

an optical disc having plural data layers; 

a laser drive means for driving a semiconductor laser; 

a converging means for converging a light beam on the optical disc, 
the hght beam being hght output from the semiconductor laser driven by the laser 
drive means; 

a focus control means for controlling a focal position of the 
convergence point of the h^t beam converged by the convergence means on the 
optical disc; 

a tracldng control means for positioning the convergence point of the 
hght beam converged by the convergence means on a track of the optical disc; 

a photodetection meaiis for detecting reflection of the H^t beam from 
the optical disc; and 

a convergence detection means for detecting convergence of the hght 

beam; 

wherein the optical disc drive controls the laser drive means based on 
output from the convergence detection means, and when recording to any of the 
plural data layers other than the first data layer sets hght beam waveform for 
recording separately for each recording layer based on recording mark density in 
the first data layer where the h^t spot passes. 

31. An optical disc comprising: 

a first substrate having a first data layer; 

a transparent reflectioa layer formed on the first data layer of the 
first substrate; 

a second substrate having a second data layer to which is disposed a 
recordable fihn for recording and reproducing information; and 
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an adhesive layer for bonding the first substrate and second substrate 
with the first data layer and second data layer £acing each other; 

said optical disc configured so that iofonnation recorded to the first 
data layer and second data layer is read throu^ the first substrate, 

the first data layer and second data layer each have a separate 
user data area for recording and reading information, a learning area for test 
recording, and a read-only area for reading information, and 

recording-prohibited area where writing data is prohibited is 
provided in a specific part of the learning area in the first data layer, 

32. An optical disc as described in daun 31, wherein the location of the 

recordiag-prohibited area is recorded with modulated prepits prerecorded to the 
read-only area. 



I^^IS 33. An optical disc drive as described in claim 29 or 30 for record^ 



reading an qptical disc comprising: 

a first substrate having a first data layer; 
a transparent reflection layer formed on the first data layer of the 
first substrate; 

20 a second substrate having a second data layer to wMch is diq)osed^ ^ 

recordable film for recording and reproduciug information; and 

an adhesive layer for bonding the first substrate and second substrate 
with the first data layer and second data layer f adng each other; and 

configured so that information recorded to the first data layer and 
25 second data layer is read through the first substrate. 



ABSTRACT 



When recording or reading an optical disc having plural data 
recording layers, which data recording layer the li^t spot is focused on is detected 
to improve playback signal quality and read signals written to the layer on which 
the light spot is focused more reliably. A convergent lens 105 converges the laser 
beam on the optical disc, and a focus controller 109 controls the focal point of the 
laser beam on the data layer. A tracking controller 110 positions and tracks the 
focal point of the laser beam convei^d by the convei^nt lens 105 on a track of the 
optical disc. A photodetector 107 detects the reflected laser beam from the disc. A 
convergence detector 112 then detects the convei^ence state of the laser beam 
emitted to the plural data recording layers. Based on output from the convergence 
detector 112, the laser driver is controEer to separately set beam power 
appropriately for each of the plural data layers of the disc during playback. 



Rev. 3-21-01 ' J - W J^E^Qctivc March 1998 

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION 



0 Original 0 Supplemental 0 Substitute (X) PCX 0 DESIGN 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as stated below next 
to my name; that I verily believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on the 
inv^tion entitled: 

Tide: OPTICAL DISC, OPTICAL DISC DRIVE. AND OPTICAL DISC PLAYBACK METHOD 



of which is described and claimed in: 

0 the attached specification, or 

0 the specification in application Serial No. 



, filed 



_, and with amendments through _ 



(X) the specification in International Application No. PCT/JPOO/04026 . filed June 21. 2000 , and as amended on 

(if applicable). 

I hereby state that I have reviewed and understand the content of the above-identified specification, including the claims, as amended 
|~|. by any amendment(s) referred to above. 

IfJ I acknowledge my duty to disclose to the Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56. 

19 I hereby claim priority benefits under Title 35, United States Code, §119 (and §172 if this application is for a Design) of any 
|lj application(s) for patent or inventor's certificate listed below and have also identified below any application for patent or inv^tor's 
01 certificate having a filing date before that of the application on which priority is claimed: 



COUNTRY 


APPLICATION NO. 


DATE OF FILING 


PRIORITY 
CLAIMED J 


Japan 


11-174986 


June 22, 1999 


¥ES 


Japan 


11-252394 


September 7, 1999 


YES 


Japan 


11-357227 


December 16, 1999 


YES 1 



I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose information material to patentability as 
defined in Title 37, Code of Federal Regulations, §1 .56 which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application: 



APPLICATION SERIAL NO, 



U,S, FILING DATE 



STATUS: PATENTED, PENDING, 
ABANDONED 



And I hereby appoint Michael R. Davis, Reg. No. 25jlMl Matthew M. Jacob, Reg. No,.25454: Warren M. Cheek, Jr., Reg. No, 
aa^; Nils Pedersen, Reg, Charles R. Watts, Reg. No. 33,142 ; and Michael S. Huppert, Reg, No. 40,268, w ho together 

constitute the firm of WENDEROTH, LIND & PONACK, L.L.P,, as weU as any other attorneys and agents associated with Customer 
No. 000513, to prosecute this application and to transact all business in the U S, Patent and Trademark Office connected therewith . 

I hereby authorize the U.S. attorneys and agents named herein to accept and follow instructions from AOYAMA & PARTNERS as 
to any action to be taken in the U,S, Patent and Trademark Office regarding this application without direct communication between the 
U.S. attorneys and myself. In the event of a change in the persons from whom instructions may be taken, the U.S. attorneys named 
herein will be so notified by me. 



Direct Correspondence to Customer No: 




Direct Telephone Calls to: 


1 

( 


)00513 

lADEMARK OFFICE 




^_,,2fi§5J^1555?LliW-, Suite |0p_.,. 
WashingtorL D.C. ^20006-1021 

Phone:(202)721-8200 
Fa3i:(202) 721-8250 


FuU Name of 
First Inventor 


FAMILY NAME 

mKAMURA 


FIRST GIVEN NAME SECOND GIVENNAME 


Residence & 
Citizenship 


CITY 

Osa^i, — 


STATE OR COUNTRY COUNTRY OF CITIZENSHIP TC^\^ 

Japan Japan ' ^ 


Post Office 
Address 


ADDRESS CITY STATE OR COXJNTRY ZIP CODE 

Syokoryo, 25-3, Midocho, Kadoma-shi, OSAKA 571-0064 JAPAN 


^ FuU Name of 
Second Inventor ' 


FAMILY NAME 


FIRST GIVEN NAME SECOND GIVEN NAME 

-.Mamoru 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY COUNTRY OF CITIZENSHIP 

Japan Japan O 1 A 


Post Office 

Address 


ADDRESS CITY STATE OR COUNTRY ^CODE 

3-13-4-805, Mozuumemachi, Sakai-shi, OSAKA 591-8032 JAPAN 


Full Name of 
Third Inventor 


FAMILYNAME 

ISHIDA 


FIRST GIVEN NAME SECOND GIVEN NAME 


Residence & 
Citi'/enship 


CITY 

Kyotou„__ 


STATE OR COUNTRY COUNTRY OF OTIZENSHIP , /' 

Japan Japan 7^ f"^ y 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 

13-14, Hashimotoisoku, Yawata-shi, KYOTO 614-8331 JAPAN 


Full Name of 
Fourth Inv^itor 


FAMILYNAME 




FIRST GIVEN NAME SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY COUNTRY OF Cm^SHIP 


Post Office 
Address 


ADDRESS 


CITY STATE OR COUNTRY ZIP CODE 


Full Name of 
Fifth Inventor 


FAMILY NAME 


FIRST GIVEN NAMiS SECOND GIVEN NAME 


Residence & 
Citizenship 


criY 


STATE OR COUNTRY COUNTRY OF CinZENSHIP 


Post Office 
Address 


ADDRESS 


CITY STATE OR COUNTRY ZIP CODE 


Full Name of 
Sixth Inventor 


FAMILYNAME 




FIRST GIVEN NAME SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY COUNTRY OF ailZENSHIP 


Post Office 
Address 


ADDRESS 


CITY STATE OR COUNTRY ZIP CODE 



Page 2 of 3 



I further declare that all statements made herein of my Own knowledge are true, and that all statements on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing hereon. 

1st Inventor (hxmiz /JW^&mtACi Date _ 

Atsushi NAKAMURA 
2nd Inventor 

Mamoru SHOJI 
3rd Inventor 

Takashi ISHIDA 

4th Inventor Date 



%fii/?n0-tu SichfZ Date ^kl. f ^^^^ 

ToA^^ J:2Mclf. Date T^L (^,Z<^1 



5th Inventor Date _ 

6th Inventor Date 



The above application may be more particularly identified as follows: 
p U.S. Application Serial No. 10/0185363 IrlVrng Date December 19. 2001 



Applicant Reference Number 534838 Mai Atty Docket No. 2001 1856A 



£ Title of Invention OPTICAL DISC. OPTICAL DISC DRIVE, AND OPTICAL DISC PLAYBACK METHOD 

Cfl ^ 



Page 3 of 3 



